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STUDIES ON THE SUPRARENAL CORTEX 
II. MjETABOLisir, Circulation, and Blood Concentration during 

SUPRfVREN^VL iNSUrnCIENCY IN THE DoG 

By GEORGE A. HARROP, ALBERT WEINSTEIN, il.D., LOUIS J. 

SOFFER, M.D., and JOHN H. TRESCHER, M.D. 

{From the Chemical Division of the Medical Clinic, Johns Eophins U7ik€rsiiy and 

Hospital, Baltimore 

(Received for publication, March 27, 1933) 

The details of the operative preparation, care, and maintenance of 
our colony of suprarenalectomized dogs were given in the preceding 
paper (1). The effect of injections of suprarenal cortical extract upon 
intact, as well as upon suprarenalectomized animals was described, 
together with its power to revive the latter from a state of acute in- 
sufficiency. It was pointed out that much of the work which has 
been done upon suprarenal function, as revealed by the effects of bi- 
lateral removal of the glands, is open to the serious objection that it 
was necessary to make the studies on animals which could hardly 
have recovered from the anesthesia and the effects of the necessarily 
severe operative procedures. In many of the observations reported 
in the literature moribund animals have undoubtedly been employed. 
The present experiments were carried out on animals maintained after 
operation in an active healthy condition with adequate amounts 
of cortical extract. The body weight had returned to the level present 
at the time of the first operation, and in many instances the state of 
nutrition had even improved. The studies were usually carried out 
several weeks after complete healing of the operative wounds. The 
sole variable factor therefore was the cessation of the daily injections 
of the cortical extract. No anesthesia was used in any of the experi- 
mental procedures to be recorded in this paper. We have discon- 
tinued the use of ether in the operations for removal of the glands as 
we find the narcosis produced by nembutal equally satisfactory and 
much safer. 
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SUPRARENAL CORTEX. II 


We describe in this paper the effects of acute suprarenal insufficiency 
upon the respiratory metabolism and upon the circulation and concen- 
tration of the blood of bilaterally suprarenalectomized adult male dogs. 

Respiratory Metabolism and the Respiratory Quotient in Suprarenal 

Insufficiency 

The collections of gas samples for analyses of the expired air for respiratory 
metabolism studies and experiments upon the blood flow were made upon trained, 

TABLE I 

Basal Oxygen Consumption of Suprarenalectomized Dog Folloiving Withdrawal of 

Injections of Cortical Extract 

Dog F-2-1, brown male terrier. Feb. 2, 1932, right suprarenalectomy. Feb. 
29, 1932, left suprarenalectomy. Received injections of cortical extract twice 
daily until Apr. 16. None given thereafter. 


Date 

Weight 

Temperature (rectal) 

n 

i E 

V 

Respirations per min. 

Respiratory volume 
per min. 

Oxygen consumption 
per rain. 

Respiratory quotient 

Room temperature 

Comments 

193Z 

ks. 




liters 

rc. 

1 

! 



Apr. 15 

7.4 

101.0 

64 

18 

1.49 

49.5 

0.73 

26.0 

Extract injections stopped Apr. 
16 

Apr. 18 

7.3 

100.6 

112 

14 

1.44 

49.5 

0.72 

25.5 

Without extract injections 48 
hrs. 

Apr. 20 

7.0 

1 

99.7 

68 

20 

1.64 

40.0 

0.69 

25.2 

Spastic gait. No food for 48 
hrs. Non-protein nitrogen 
80 mg. per 100 cc. 

Apr. 21 

1 

96.0 

1 

38 

IS ^ 

2.01 

39.0 

0. 70 

26.0 

Too deeply in relapse to be re- 
vived. Non-protein nitro- 
gen. 155 mg. per 100 cc. 
Died 3 hrs. later 


fasting animals lying at rest, in a warm quiet darkened room for 1 hour prior to 
the determinations. We have considered the simplest and best criterion that the 
animal is in a bvisal resting condition to be the pulse rate, which, except in insuffi- 
cic.no*, is rarely over 70 per minute. During severe insuflicienc>' the animal at 
rest will sometimes have a pulse rate of double or treble that of the intact or ex- 
tract^treated suprarenalectomized animal. During the most extreme phases, 
cliangvrs in rb.ytlim occur, so that idioventricular rhythm may lower the pulse to 
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40 (Table I). The gas mask used ■was devised by Dr. H. F. Pierce (2), It is 
readily constructed and may be worn by the animal for periods of 2 hours or more 
without restlessness. It fits the muzzle snugly with a minimum of dead space. 
A set of these masks was made from various sizes of motorc>'cle or automobile 
inner tubing. The mask and respirator}- v-alve (Loven) were adjusted on the 
animal before the rest period was begim. 15 to 20 minute collections of the ex- 


TABLE n 

Basal Oxygen Consumplion of Suprarenakeiomized Dog Following Withdrawal of 
Injections of Cortical Extract 

Dog P-2, male, mongrel terrier. Suprarenalectomized during Feb., 1931. 



^ -S 

<u a 

H P-. 



liLoim 


Apr. 13 10.6101.4 72 12 2.82 55.3 0.73 84 Most of food refused 

Apr. 14 10.5100.0 106 13 3.35 50.6 0.73 140 Nofoo^. Swaying gait 

Apr. 15 10.0 98.4 lOS 12 3.12 Lost Lost 170 Swaying. Vomiting 

Large amounts of extract with intraperitoneal 5 per cent glucose 150 cc. No saline given 
Apr. 16 1 9.7l 97.81 106) 12 j 2.9ll 48.5] 0.691 200 1 Drinks water and voids 
Large amoiints of extract with intraperitoneal 5 per cent glucose 150 cc. No saline given 
Apr. 17 1 9.7l 99.21 lOSl 12 1 2.681 ^7.81 0.691 I'O 1 Diuresis 500 cc. 

During the next 4 days extract and glucose given in large amounts. No food eaten 
I I III <ittring this period I 


761 12 1 2.64! 56. 1| 0.73| 56 | Normal and active 
Extract injections stopped Apr. 11 


Most of food refused 


Apr. 18 

9.1 

Apr. 20 

8.8 

Apr, 21 

8.6 


8.6l 98.4 108] 12 | 2.821 43.71 0.73] 204 1 Severe insu£5dency 
Died during the night of Apr. 21-22 




pired air were alwaj-s made, in duplicate, often in triplicate, one period imme- 
diately following the other, after basal conditions were secured. It is important 
as a precaution, to make sure that the bladder has been recently emptied before 
commencing the rest period. Certain animals could not be trained, without un- 
usual difiiculty, and these were discarded when a training period of a week proved 
insufficient. The collections were made with the usual precautions into 50 liter 
Douglas bags, a mixed sample was taken over mernir}- for gas analv-sis, and the 
total gas volume was then measured through a cabTjrat^ 3 Hter wet meter. WTiile 
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SUPRARENAL CORTEX. 11 


most of the gas analyses were made by one of us (G. A. H.) the gas collections and 
analyses were made for several experiments by Dr. Edward M. Bridge and Miss 
E. M. Bridges, whose assistance is acknowledged. 

The essential findings indicated in typical experiments in Tables I- 
III are: (1) the cortical extract even in large amounts, adrenalin-free, 
has no immediate influence on the oxygen consumption of the normal 
resting dog; (2) the basal oxygen consumption is not changed by 
removal of one gland, or by removal of both, if adequate amounts of 
cortical extract are supplied so that the body weight and state of 
nutrition are maintained; (3) when insufficiency is produced in the 
bilaterally suprarenalectomized dog by withdrawal of injections of the 
extract, a drop in the basal oxygen consumption occurs to 20-25 per 
cent below the original level when the animal shows severe symptoms. 
The lowering of the basal metabolism occurs only after a considerable 
interval following the mthdrawal of extract, and is more or less coin- 
cidental with the fall in temperature. The changes in the respiratory 
quotient are not large, and such lowering as occurs is probably due to 
the anorexia and fasting characteristic of severe insufiSciency. All of 
the animals have been on a meat (fat-protein) diet during the period of 
experimentation, unless otherwise noted. The respiratory volume 
frequently, but not invariably, rises during the stage of insufficiency. 
There is generally a well marked lowering of the plasma bicarbonate 
content. The basal oxygen consumption in Dog F-2-9, while it was 
recehdng adequate amounts of extract, dropped about 20 per cent in 
the course of 8 months (Table III). At the same time the body 
weight dropped 12-15 per cent although the animal appeared in ex- 
cellent condition and in a good nutritional state. We have previ- 
ously described the absence of hyperplasia in the thyroid glands of 
these animals, which are maintained without suprarenal glands over 
long periods, as well as the frequent calcification of the colloid which 
is seen on histological section. 

Blood Flow 

Determinations of the circulalon,* minute volume were made by the Fick (3) 
method on animals trained for respiratory metabolism studies. After the ox>’gen 
consumption was determined under basal conditions as outlined above, samples of 
mixed venous and arterial blood were immediately obtained, and analyzed in the 
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Van Slyke constant volume blood gas apparatus, the collections being made and 
the procedure carried out essential^ as described by Barcroft (4), and later adapted 
to dogs by Marshall (5). Oxygen capacity was determined from oxygen content 
after aeration of a portion of the arterial blood in the blood gas pipette in the 
usual manner (Sendroy (6)). A typical experiment is shown in Table Yl. 

TABLE V 

Urinary Volume and Chloride Excretion of Suprarenalcctomized Dog Folloiving 
Withdrawal of Injections of Cortical Extract 
Dog 1-3, male collie. Nov. 21, 1930, right suprarenalectom 3 \ Feb. 2, 1931, left 
suprarenalectomy (Dr. Widenhorn). 





Blood 

1-. 

Oj 

3 





T3 


nitrogen 


c:h 





.2 




U 

V t-i 

> o 

u 




Date 

o. 


.5 

*S3 


B 


rt 

D. 

Comments 


o 


o 


> 

J 


U 



ti 

a 

.£? 

K 

c 

o 

cj 

u 

a rt 

•c-a 

'll 


u 







D 

D 


o 





tng. 

njg. 






J93I 

days 

kg. 

mSm 

Hi 

mSm 

cc. 

gTJt. 




May 3-7 

4 

15.4 

36 

17 


1.4 

Extract 

20.3 


May 7-8 

1 




176 

1.3 

Extract 

20.4 


May 8-9 

1 


42 

22 

195 

2.5 

No extract 



May 9-11 

2 

15.6 

56 

33 


3.2 

No extract 

21.0 


May 11-13 

2 

15.5 

52 

32 

318 

2.6 

No extract 



May 13-15 

2 

15.4 

66 

45 

248 

1.1 

No extract 



May 15-18 

3 

14.7 

140 

94 


0.7 

Extract 

24.4 

Severe insufficiency. 










Low blood pressure. 
No food for 48 hrs. 

May 18-19 

1 

15.1 

122 

68 

KWil 

0.5 

Extract 



May 19-21 

2 

14.7 

41 

20 

767 

0.6 

Extract 



May 21-25 

4 

14.5 

34 

11 

490 

1.2 

Extract 

20.5 

Complete recovery 


No diminution in urinar>' output even with maximal blood nitrogen concentration and 


hemoglobin concentration. Increased excretion of chlorides following extract withdrawal 
later falling when body stores were depleted. Nitrogen and urea excretion shown on 
Chart 1, J. Exp. Med., 1933, 67, 312. 


Experiments on the circulatory minute volume confirm the assump- 
tion made in our previous paper that a marked drop in the cardiac out- 
put and in the output per beat occurs in severe suprarenal insufficiency. 
They show also the unsaturation of the venous blood as well as the 
increased arterial oxygen content, due to the increased hemoglobin 
concentration. These factors combine to produce an increased arte- 
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rial and venous oxygen difference. The percentage oxj'gen saturation 
of the arterial blood is normal throughout. The increased pulse rate 
in these animals, which usually appears as insufficiency becomes se- 
vere, does not result, therefore, in an increased cardiac output, but in 
a greatly diminished output per beat. These experiments indicate 
clearly the disorganization and failure of the circulation which de- 
velops during the progress of the insufficiency. 


TABLE \t; 

Circulatory Miuulc Volume in Suprarenaketomized Dog Following Withdrawal of 
Injections oj Cortical Extract 

Dog F-7-0, Dec. 13, 1932, right suprarenalectomy. Dec. 22, 1932, left supra- 
renalectomy. Received injections of cortical e.xtract twice daU}-. Room tem- 
perature maintained at 24°C. 


Date 

"sc 

Temperature (rectal) 

1933 

ks- 

m 

Jan. 23 

9.1 

100.0 

Jan. 27 

8.7 

100.3 


68 


o 

PS 


IS 


b . 

o c 
’H.Sj 


liters 

1.27 


C E 


49.2 


c* 


c. 

O 

Pi 


0.69 


c o 

II 

U C 


liters 

0.83 


Blood ozj'gen analj*ses 


'C 

c. 

e; 

u 

Arterial 

content 

Venous content 

c5 

.H So 

K c; 
t; o w 
< 

zol. per 

zol, per 

zol. Per 

zol. per 

WSSM 

cert 

cert 

cert 

1 20.4 

19.8 

14.8 

5.0 

22.7 

22.4 

14.3 

8.1 


Extract injections stopped Jan. 24 
76 I 18 I 1.23 1 52. 0| 0.73 I 0.64 , 

In severe insufficiency Jan. 30. No food for 24 hrs. Spastic gait. Non-protein nitrogen 
I 132 mg. per 100 cc. 

Jan.30 7.8 96.81118 20 | 1.18 | 40.3| 0.68 0.38 25.5 25.0 14.1 10.9 





excellent condition again on Feb. 13 





Feb. 13 

8.7 

101.0 

70 1 17 j 1.24 1 50. 9[ 0.71 | 0.66 

23.3 

22.5 

15.9 

6.6 


Blood Pressure 

The blood pressure during the various phases of suprarenal insu^cienQ' was 
determined by means of a rectangular rubber cuff, measuring 5 bj' 15 cm., wrapped 
about the upper part of the thigh and attached to a mercurj- manometer The 
rubber cuff was bound together with adjustable tapes, so that the differences in 
the diameter of the leg could be compensated for exactly, and the cuff could be 
closely applied and kept firmly in position. This method permits of repeated 
studies without pain or disturbance, and is satisfactorj- in larger .j^th 

narrow thin extremities. The sound made by the pulse wave as it breaks throu h 
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at the systolic level is readily heard through a stethoscope, provided with a small 
bell, which is placed over the artery a^ it emerges below the cuff. 

Blood pressure clianges in the resting animal occur only after injec- 
tions of extract have been stopped for some time, and are usually 
coincidental with the appearance of the other evidences of circulatory 
failure (Table VII) when concentration of the blood is well advanced. 

TABLE VII 

Changes in Blood Pressure in the Stiprarenalcciomized Dog during the Course of 
Insufficiency Produced hy Withdrawal of Injections of Extract 
Dog 8-4, spotted white collie. Jan. 26, 1932, right suprarenalectomy. Feb. 
2, 1932, left suprarenalectomy. 


Date 

Weight 

Tem- 
pera- 
ture 
(rectal) ' 

Blood 

pressure 

03Cj^gen 

capacity 

Non- 

protcin 

nitrogen 

Comments 

im 

ks. 

1 

^F. 

mnt. 

tol. per 
cent 

ms. per 
JOO cc. 


Feb. 8 

9.9 

101.6 


17.1 

34 

Condition excellent 

Feb. 10 

9.8 






Feb. 14 

10.0 





Extract injections stopped 

Feb. 18 

9.5 

100.0 

135/75 


50 

4th day without extract. Ac- 







tive, eating well 

Feb. 20 

9.2 

Em 

130/85 

18.2 

90 


Feb. 21 a.m. 

9.0 

1 S3 

106/60 


96 

Very ill. Weak. Vomitfed 

p.m. 

8.9 

98.0 

55/10 

20.4 

108 

! Severe insufficiency. Can 




! 

1 


rise with difficulty. Given 
large amounts of extract 
and intravenous and intra- 
peritoncal salt solution 

Feb. 22 

8.7 


136/80 



Greatly improved. Can walk 







without stagger 

Feb. 23 

8.5 


130/80 



Improved further 

Mar. 8 

9.6 

H 


16.9 

40 

Condition excellent 


Blood Concentration 

Studies of erythrocyte counts in systemic and peripheral blood, of packed red 
cell volume, and of blood oxygen capacity were made in samples of blood 'with- 
drawn by femoral artcr>' puncture, which were prevented from clotting by the 
use of purified heparin.* Studies were made, daily, during the period following 

* The heparin was repuriCed according to the method of Dr. W. H. Howell from 
material obtained from Ihmson, Westcott, and Dunning, Baltimore. In 2 per 
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TABLE Vin 


Hcmoconccnlralion Folloiaing Extract Withdravi'al from Suprarcnalccioviizcd Dogs 

{Femoral Artery Blood) 








c 

*S c 

e 



Date 


o 5 

K 

o 

B 

V 

il 

rt > 

u 

cs 

o tc 
c. £ 

gl 

*S 
« S 

O c. 

rt 

O 

Comments 



o 



p: 


H 




Dog 64, male 


1932 


tcL per 
cent 

per 

cent 


ru*/* 

lions 

/nr- 

per 

WO 

fC. 

cent 



Mar. 8 

7.2 

m 

26.5 


4.24 

34 

6.41 

49/51 

Taken off extract a.m., Mar. 8 

Mar. 9 

7.2 

IS 

27.5 

70.0 

4.42 

46 




Mar. 10 

7.1 

11.0 

28.5 

wnBi 


40 




Mar. 11 


11.6 


68.5 

3.84 

48 




Mar. 12 

7.1 

14.4 

36.5 



55 



Food intake diminished, but dog 










is active 

Mar. 13 

7.0 

14.5 

38.5 


5.42 

84 



Food intake 50 gm. 

Mar. 14 

6.8 

15.4 

37.0 

61.0 

HRtl 

116 



Temperature 99.8®. Vomited. 










Very quiet 

Mar. 15 

6.6 

1 

16.5 

gfitn 

57.5 

CTPH 

184 

7. 17 

43/57 

Temperature 97°. ilalked stag- 










ger gait and weakness, deep 
insufficiency- Peripheral red 
blood cells 6.17 millions 
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Mar. 6 

7.6 

13.7 

33.1 

65.4 


42 

5.81 

49/51 

Taken off extract a.m.. Mar. 6 

Mar. 7 

7.5 

14.05 

gs 

67.5 

4.92 

52 




Mar. 8 

7.3 

14.4 

m 

64.0 

4.84 

50 




Mar. 9 

7.1 

15.6 

Bfi 

■tiki 


5.63 

80 

6.25 

49/51 

Temperature 99.8°. Food intake 



1 







less than 50 gm., but dog is 
active 

Mar. 10 

7.0 

14.9 

35.2 

63-8 

5. 70 

Mil 



Temperature 98.3° 

Mar. 11 

6.8 

16.4 

39.0 

60.5 

5.96 

144 

6.90 

49/51 

Temperature 98°. Extremely 










quiet, diarrhea, definite insuffi- 
ciency. Peripheral red blood 
cells 5,55 millions 
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withdrawal of extract, and the results were correlated with the coincidental rise in 
blood non-protein nitrogen, plasma protein concentration, and the loss in body 
weight (Table VIII). 

The observations show that hemoconcentration usually begins 
within 24 hours after ^vithdrawal of extract, and that the loss of plasma 
volume, as judged from the volume of packed erythrocytes may be 
from 10-35 per cent in severe insufficiency. There is no increased 
concentration of erythrocytes in the peripheral blood (ear) as con- 
trasted with the venous blood, such as has been described in shock due 
to trauma or hemorrhage (7). Transudation of fluid into the tissues 
does not occur, characteristically, in shock due to suprarenal insuffi- 
ciency, unless it takes place when the animal is moribund. As we 
shall indicate, fluid passes in the opposite direction, namely from 
tissues to capillaries. An increased erythrocyte concentration there- 
fore is not to be expected in the peripheral vessels. 

W ater and Salt Excretion during Insufficiency 

Data showing the increased excretion of sodium chloride following 
cessation of injections of extract in suprarenalectomized dogs are 
presented in Tables IV and V. They are selected from experiments in 
which a carefully measured food intake of known composition was 
given. These data also indicate that the volume output of urine is 
well maintained following withdrawal of extract, and that anuria 
occurs only during the terminal circulatory collapse, when the blood 
pressure also falls rapidly. 


DISCUSSION 

The e.xperiments which are described show clearly that the process 
inv'olvcd in suprarenal cortical insufficiency, due solely to withdrawal 
of injections of the hormone, is essentially a condition of “shock,” 
associated with progressive loss of plasma volume, lowered general 
metabolism and blood flow, and, terminally, lowered body tempera- 
ture and blood pressure.- We have shown previously (1) that it is 

cent solution it is neutral in reaction, and vcr>’ cfTcctive in preventing clotting. 
It is a highly useful anticoagulant for chemical studies, and in the purified form 
referred to above can be used in minute amounts. 

• 'I’lic c.xtreme muscular weakness of tlicse animals in insufilciency is in part due 
to the condition of “shock,” but, together with the curious characteristic spastic 
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characteristically accompanied by a rise in plasma non-protein nitro- 
gen and a fall in chlorides. The approximate time of the appearance 
of these various phenomena, following the withdrawal of the injections 
of hormone, and the extent of their change from the original condition 
is shown in a composite chart of a tj^ical group of six suprarenalec- 
tomized animals (Chart 1). 



Chart 1. Characteristic changes in metaholism, circulation, and blood con- 
centration in a group of suprarenalectomized animals following withdrawal of 
extract. 

The condition of “shock,” the concentration of the blood, and the 
circulatory collapse have been noted following removal of the supra- 
renal glands repeatedly, but most observers have been unable to de- 


weaving gait, may also he due to the disturbance of the relative concentrations of 
the basic ions, potassium, magnesium, and sodium, in the tissues and body fluids. 
We expect to report on muscle and other tissue analyses having a bearing on this' 
question. 
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cide how far these are due to the major surgical procedure involved in 
removal of the suprarenal glands, as well as the anesthesia, and how far 
the}'^ are due to tlie loss of the cortex itself. It is only when the supra- 
renalectomized animal is restored to a normal nutritive condition with 
healed incisions, and when the sole variable consists in withholding 
the daily injections of the cortical extract, that the changes can be 
ascribed to the withdrawal of extract, and to tliis alone. Wlien the 
animal is afterwards restored to its former condition by resumption 
of injection of hormone the cycle is completed. 

The mechanism by which this condition of “shock” and eventual 
death in suprarenal insufficiency is brought about next attracts atten- 
tion. Loss of water from the blood plasma may occur in various ways. 
Where increased capillary permeabilitj'^ exists, it may diffuse into the 
extravascular tissues, a mechanism which has been described in trau- 
matic shock and in the shock produced by the injection of histamine. 
On the other hand it may be lost through the gastrointestinal tract as 
in cholera or by emesis, as in high intestinal obstruction. Finally the 
loss may occur through the kidneys associated with a loss of electro- 
lytes, a mechanism whicli in part explains the blood concentration and 
the condition of shock whicli may occur in diabetic coma, or in certain 
cases of uremia. 

The possibility of loss of plasma water into the tissues by increased 
capillary permeability has been suggested as the explanation of the 
shock of suprarenal insufficiency in a recent preliminary communica- 
tion by Swingle (8). The theory, at present generally accepted, as to 
the mechanism which maintains the balance of fluid exchange between 
capillaries and extravascular spaces, relates it to the opposing forces 
of colloid osmotic pressure and capillary blood pressure (or the differ- 
ence between these pressures and their homologous components in 
the tissues). The changes in both of these forces will act to draw 
fluids into the capillaries in suprarenal insufficiency unless the wall 
itself is damaged. The concentration of plasma proteins increases 
during suprarenal insufficiency, as we have indicated above, but with- 
out much change in the albumin-globulin ratio. This should tend to 
increase the colloid osmotic pressure of the plasma and should hold 
fluid more firmly within the vessels. At the same time the blood 
pressure falls, thus reducing the force which tends to drive fluid out 
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of the blood plasma into the tissue spaces. The general condition of 
the tissues at autopsy is of interest. The ^dscera are drj' and the skin 
and subcutaneous tissues are markedly inelastic, as though devoid of 
water. There is no increase in the erjlhrocyte count in the peripheral 
tissues over that in the systemic blood. Hence there is no alteration 
in the distribution of the red blood cells such as is said to occur in 
traumatic shock. A loss of 10 per cent or more of the body weight 
during the days following withdrawal of extract is very common. 
Vomiting and diarrhea cannot explain this loss of blood volume or of 
body weight, because these symptoms only occur very late in insuffi- 
ciency after the blood concentration has become marked. 

We turn therefore to the remaining alternative, that dehydration, 
following cessation of the injections of cortical hormone, is due to 
loss of w'ater through the urine. The amount of fluid excretion 
necessary to produce a concentration of the blood of the extent found 
in suprarenal insufficiency is quite compatible with the urinary vol- 
ume observed. If we assume the total plasma volume of Dog F-2-9 
to be 500 cc., a reduction of 40 per cent would require an excess excre- 
tion of but 200 cc. in the course of 8-9 days. Much more than that 
may actually occur. Balanced experiments indicate quite dearly 
that there is no reduction in urinary volume in msuffidency until 
within a few hours of death. 

Hemoconcentration due to loss of fluid from the body produces the 
drculatory collapse seen in suprarenal insuffidency and will ade- 
quately explain the observed train of symptoms : loss of weight, low^ered 
body temperature, and the gastrointestinal symptoms induding 
anorexia, diarrhea, and vomiting. It is therefore unnecessary to pos- 
tulate any hypothetical “toxin” which is neutralized in the intact cor- 
tex or by its hormone, as the cause of the symptoms and of death. 
The “shock” of suprarenal insuffidency has analogies with that 
produced in coUapse due to exposure to high temperatures in which 
great loss of salt ocoirs through the sweat. 

SUMMARY 

1. The basal oxygen consumption, respiratory quotient, blood flow, 
blood pressure, and the changes in concentration of the arterial blood 
w'ere determined in suprarenalectomized dogs (a) when receiving iu- 
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jections of cortical extract (Swingle-Pfiffner), (b) during suprarenal 
insufficiency induced by withdrawal of the injections, and (c) during 
the period of recovery brought about by resumption of extract in- 
jections. 

2. Reasons are advanced for the view that the hemo concentration 
which occurs is probably due to loss of fluid through the kidneys, 
rather than by increased capillary permeability and loss into the 
tissues, or by loss through the gastrointestinal tract. 

3. The loss of fluid from the plasma and tissues will explain the 
symptoms which follow withdrawal of injections of the hormone, as 
well as the fatal outcome. The assumption that the suprarenal cor- 
tex or its hormone has a detoxifying action upon some product of 
metabolism is thus rendered unnecessary. 
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STUDIES ON THE SUPRARENAL CORTEX 


in: PLASiiA Electrolytes and Electrolyte Excretion during 
Suprarenal Insuepiciency in the Dog 

Bv GEORGE A. HARROP, M.D., LOUIS J. SOFFER, M.D., READ ELLSI\mTH, 
M.D., AND JOHN H. TRESCHER, M.D. 

{From the Chemical Division of the Medical Clinic, Johns Hopkins University and 

Hospital, Baltimore) 

(Received for publication, Maj' 6, 1933) 

In the preceding papers (1, 2), we have described the phenomena 
produced by the cessation of injections of suprarenal cortical extract 
in the suprarenalectomized adult dog, which has been maintained in a 
normal state of nutrition, with well healed incisions, for a period of 
several weeks after suprarenalectomy. We have pointed out that 
death in such an animal, if injections of the hormone are not resumed, 
is due to a condition of shock produced by loss of body fluid. The ob- 
served sequence of events is: hemoconcentration, which becomes 
more and more marked; progressive loss of body weight; anorexia; 
lowered body temperature and basal oxygen consumption; muscular 
weakness; vomiting and diarrhea; and ultimate failure of the circula- 
tion, as indicated by diminished blood flow and fall in blood pressure. 
These symptoms are associated with a progressive rise in blood non- 
protein nitrogen (urea) concentration, a drop in plasma chlorides, and, 
as we have recently shown (1), a fall in plasma total base. The pres- 
ent communication is concerned with an analysis of the factors pro- 
ducing this hemoconcentration and of the train of phenomena which 
then follows it.^ 

1 We T^-isb to acknowledge the assistance of Dr. Marj’’ Buell in organizing the 
chemical procedures involved in the manufacture of the cortical extract and in the 
selection and setting up of analj'tical methods used in the studies herein reported 
We are indebted to Miss Margaret Strauss who has made lactic add, inorganic 
phosphorus, and calcium estimations on a series of animals before and durine 
insufSciency. ® 

We acknowledge the important assistance of Dr. Oliver Kamm, of Parke 
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It is well known that changes in the distribution of body fluids are 
often accompanied by disturbances in the normal electrolyte structure of 
the blood plasma. Loeb and his coworkers have made an important 
contribution to the elucidation of this problem in experimental supra- 
renalectomy (19). They have shown that the sodium concentration of 
the blood decreases both in suprarenalectomized dogs and cats and in 
patients suffering from Addison’s disease. By balance studies they 
have shown that a striking loss of sodium occurs due to loss of sodium 
in the urine and that the behavior of the chloride ion follows that of the 
sodium, but the loss is not equivalent. They discuss the possibility 
that the suprarenal glands have a regulatory effect upon the sodium 
metabolism and upon renal function. They have previously shown 
that similar changes occur in the blood of patients with Addison’s 
disease which may be materially modified by the administration of 
sodium chloride. We have, therefore, determined the concentrations 
of the plasma electrolytes during the cycle of events which takes place 
following the cessation of injections of extract as the animal goes into 
suprarenal insufficiency, and during the progress of recovery when 
injections of extract are resumed. 

Procedure 

Samples of (femoral) arterial blood were taken for urea estimations and study 
of the electrolyte pattern. They were obtained TOth an oiled syringe by direct 
puncture of the vessel. We have found that adequate protection from the air is 
secured by deliverj' of the blood through a bent glass tube into 15 cc. centrifuge 
tubes, pro\nded ndth a drop of purified heparin (6 per cent solution), and a flat 
glass bead. Each centrifuge tube is filled to the top and immediately capped with 
a rubber stopper, such as is used for vaccine bottles, through which a needle is 
inserted, the tip just emerging at the lower end. This permits the escape of air 
bubbles, followed bj’ any e-^ccess of blood. The tubes are \ngorously turned end 
for end for a minute or two to secure complete mixing of the blood and heparin. 
On centrifuging, a clear non-hemolyzed plasma invariabl}' results. Carbon 
dioxide determinations are first made by removing the stopper, and inserting the 
measuring pipette to remove the sample from the lower half of the supernatant 
plasma, without disturbing the red cell mass below. The duplicate is taken from a 
second centrifuge tube, and the plasma is then immediately separated from the 
cells. 


Da\-is and Company, who has generously supplied us for the past 2 years with the 
beef suprarenal glands from which we prepare our cortical extract. 
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Because the operation for suprarcnalcctomy is technically difficult in larger ani- 
mals and the maintenance extract requirement is proportionally greater, we have 
used male dogs exclusively, weighing between 7 and 10 kilos, Ov^ing to the rather 
large quantities of blood required for repeated analyses, w'e have restricted our 
studies, in one group of experiments, to estimations of total base, bicarbonates, 
chlorides, sodium, and urea (or non-protein nitrogen) (Chart 1, Tables V, WI). 
Studies of calcium, magnesium, and potassium, inorganic phosphates, lactic acid, 
and total proteins, with the partition of the ratio of albumin to globulin, were 
usually done in separate groups of experiments (Tables I and II)r 

The results show that during the course of suprarenal insufficiency 
induced by cessation of injections of extract, a fall occurs in the plasma 
total base concentration, the extent depending in great measure on 
the degree of insufficiency into which the animal is allowed to lapse. 
This is associated with a considerable rise in the concentration of 
magnesium and potassium, but without marked increase in that of 
calcium. Since the total concentration of plasma base fell, and since 
that of the other constituents rose, the results of our earlier experiments 
pointed to a decided drop in the plasma sodium concentration. This 

^ Methods of Analysis , — 

Estimations of total base were made by the method of Stadie and Ross (7. BioL 
Chem., 1922, 61, 55), with certain modifications; of sodium by that of Butler and 
Tuthill (/. BioL Chem,, 1931, 93, 171); of potassium (plasma only) b}’^ that of 
Taylor (/. Biol, Chem., 1930, 87, 27); calcium and magnesium by that of Kramer 
and Tisdall (/. BioL Chem,^ 1921, 47, 475); carbon dioxide by that of Van Slyke 
and Neill (7. BioL Chem,^ 1924, 61, 523); oxygen capacity by that of Sendroy (7. 
BioL Chem,, 1931, 91, 307); inorganic phosphate by that of Fiske and Subbarow 
(7. BioL Chem„ 1925, 66, 375) ; non~prolein nitrogen by direct nesslerization (Wong, 
S. Y., 7. BioL Chem,, 1923, 65, 431); urea by decomposition with urease and di- 
rect nesslerization, using gum ghatti as a stabilizing colloid (Folin, 0., 7. BioL 
Chem,, 1929, 81, 231); plasma chlorides by the method of Van Styke and Sendro}" 
(7. BioL Chem,, 1923, 68, 523) ; lactic acid by that of Friedman et al. (7. BioL Chem 
1927, 73, 335, and 7. BioL Chem,, 1929, 82, 23); plasma proteins by difference of 
the results of total nitrogen and non-protein nitrogen concentration estimated 
by the Kjeldahl method; and the albumin-globulin ratio by Howe’s Kieldahl 
method (7. BioL Chem,, 1921, 49, 109). ^ 

Standard methods were employed for estimations of urine constituents- total 
nitrogen by macro Kjeldahl digestion and titration; creatine and creatinine hv 
Folin’s method (/. Biol. Chem., 1914, 17, 475); ammonia by aeration into acid 
and titration of the excess (Folin, O., 7. BioL Chem., 1910, 8, 497) 
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Chakt 1. Plasma electrolyte pattern during the course of suprarenal insuffici- 
ency following withdrawal of extract from the suprarenalectomized dog. 


\vc have confirmed directly. The change in concentration may 
amount to 20 m.-eq. per liter or even niore.^ Since the concentration 

^ The fall in plasma sodium, which is accompanied by an appreciable rise in 
plasma potassium concentration, produces a marked alteration in the ratio nor- 
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TABLE I 


Plasma Cations and Total Base Values in Normal Dogs and in Dogs with 
Suprarenal Insujjiciency 


Normal animals 


Suprarenal insufficiency 
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m.Hq, 
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6.1 

1.5 

A..1 

157.0 

144.7 


6-Ot 

7.5 

2.3 

4.9 

147.8 

131.1 

26.6 


7.2 ! 

1.3 

4.7 

150.6 

137.4 

29.2 

7-0 

7.9 

2.4 

9.8 

139.0 

118.9 

12.1 

1-9 

6.2 

1.5 

6.2 

154.4 


22.6 

1-9 

5.8 

1.7 

■MW 

mm 

132.7 

13.0 

5-6 

6.2 

1.4 

6.2 

152.6 

138.8 

22.2 

5-6 

8.2 

3.8 

13.9 

146.8 


8.7 

6-8 


1.5 

5.5 

152.2 

138.2t 

25.1 

6-7 

7.7 

4.1 


134.6 

112.8 

11.3 


* Sodixim values obtained by subtraction. Total base — (Ca -f Mg -f K). 
t Llild insufficiency only. 

t Calcium lacking. Sodium estimated for assumed normal calcium of 7,0 
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TABLE n 

Blood Lactic Acid and Plasma Inorganic Phosphate Concentration in the 
Suprarenalectomized Dog 

Dog W-1-3. 


Date 

Lactic acid 

Blood 

non -protein 
nitrogen 

plasma 

inorganic 

phosphate 

Clinical condition 

1931 

ms. per 

mg. per 

mg. per 



m cc. 

! 100 CC. 

100 cc. 


Feb. 25 

8.8 

60 


Rather marked symptoms 

Feb. 26 

13.1 

84 


Severe insufficiency 

Mar. 2 

7.6 

i 40 


Active. Condition excellent 

jMar. 9 

7.3 

44 

5.1 

Condition good 

Mar. 13 

9.0 


5.7 

Condition good 

Mar. 16 

14-6 


8.2 

Insufficiency. Staggering gait 





Extract given 

Mar. 17 

11.3 

65 j 

7.1 

Improved 

Mar. 23 

6-5 

45 


Active, alert 

Mar. 30 

6.3 

43 ' 

4.4 

Active, eating well 

Apr. 24 

7.6 

56 

5.2 

Condition good 

May 7 

6-0 

36 

4.6 

Condition good 

May 18 

8.7 

140 

10.1 

llth day after extract withdrawal 




i 

severe insufficiency 
































22 


SUPRARENAL CORTEX. Ill 


of total base is believed to delimit the total concentration of plasma 
electrolytes, this latter quantity must be greatly lowered, and •rtU 
account for the diminished plasma conductivity long ago noted by 
Stewart (7). There is also a progressive and steady fall in the con- 
centration of bicarbonates and chlorides, the sum of the change being 
roughly equal to that of the sodium. The bicarbonate concentration 
drops before that of the chlorides, but the fall in the latter in severe 
insufficiency exceeds that of the bicarbonate. This is associated in 
the later stages with a rise in the concentration of inorganic phos- 
phates. We have not made sulfate analyses, but the experiments 
of Swingle and Wenner indicate a similar rise in sulfate concentration 
(4). The increases in the concentrations of plasma proteins and of 
calcium may be explained as due to the plasma concentration itself. 
There is no increase in the concentration of lactic acid during the 
progress of insufficiency; no animals were studied, however, during 
convulsions (Table II). 

The rate of recovery of the normal relations of the several plasma 
constituents following the readministration of potent cortical extract 
depends (a) on the degree of the insufficiency produced before measures 
for resuscitation are undertaken, and (6) on the extent to which acces- 
sory measures, namely the use of fluids, sodimn chloride, and glucose, 
are employed in addition to the injections of cortical extract. Where 
large amounts of extract are injected the recovery is rapid, unless the 
animal has been allowed to become moribund, in which case it cannot 
be restored to the original condition (1). 

Studies of the inorganic constituents of the blood and plasma of normal and 
suprarenalectomized cats under ether anesthesia, by the use of modem methods, 
were made bj' Baumann and Kurland (5) in 1926. The}' observed a drop in the 
proportion of plasma in the blood (65 per cent control, 57 per cent in insufficiency), 
and an increase in plasma solids. A fall of 15 per cent occurred in the sodium 
concentration and 9 per cent in tliat of chlorides. They further observed an in- 
crease in the concentration of potassium and magnesium, but little change in tliat 


mallyc.xLsling between these ions in the plasma (Tablel),and,it maybeanticipated, 
in the tissue fluids as well. We are studying the possibility that this change may 
in p.art account for the weakness and spasticity of the voluntary muscles during 
the later stages of insufiicicncy, as well as for the curious disturbances of the car- 
diac rhythm (1) and the eventual heart failure. 
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of plasma calcium. They found no noteworthy change in the inorganic or total 
acid-soluble phosphates. Lucas (6) as well as Stewart and Rogoff (7) found evi- 
dence of similar blood concentration in dogs, and the former reported the decrease 
in blood chlorides in the dog. Baumann and Kurland pointed out the probable 
importance, but unknoum significance, of the changes in the ratio of sodium to 
potassium in the blood of the suprarcnalectomized cat. Hastings and Compere 
(8), following the changes in the blood serum of dogs after suprarenalectomj^ found 
a progressive fall in the bicarbonate content, a marked and consistent fall in lac- 
tic acid, and an increased concentration of serum proteins and calcium, the latter 
effects being explained by the hemoconcentration. They stressed the marked 
increase in serum potassium, which they found attained at death the very high 
value of 20 m.-eq. per liter. No changes were observed in the creatine or creat- 
inine concentration until a terminal rise took place commencing 24 hours before 
death. 

We have previously indicated (2) that the loss of plasma volume 
during the progress of the insufl&dency can be explained by increased 
permeability of the capillaries, and hence loss into the tissues; by loss 
through the gastrointestinal tract, due to vomiting or diarrhea; or, 
finally, by excretion of fluid through the urine. We have advanced 
reasons in our previous paper to show why it cannot be satisfactorily 
explained by drainage from the capillaries into the extravascular 
space, a process which is said to occur in traumatic shock, and fol- 
lowing injections of histamine. We have also pointed out that it 
cannot be lost by vomiting, as in intestinal obstruction, nor by diar- 
rhea, as in the condition of hemoconcentration and shock seen in 
cholera, since these effects do not occur xmtil very late during in- 
sufficiency.*^ 

We turn therefore to the consideration of loss of body fluids through 
the kidneys . We have previously pointed out that the volume of urine 
is well maintained until the blood pressure falls, late during the course 
of the insufficiency. During the days immediately following extract 
withdrawal the output is usually increased. Since a loss of body 

^ During the final stages of suprarenal insufficiency’', when the animal is in 
deep ‘‘shock,” it is possible that both loss into the tissues by increased capillary 
permeability, and by vomiting and diarrhea, may account for the disappearance 
of water as well as electrolytes from the plasma. Proof is entirely lacking that 
either of these routes constitutes an important channel for the loss of the water and 
electrolytes which initiate the hemoconcentration. 
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water is commonly accompanied by a loss of the electrolytes i^Tth 
which it is associated in the tissues ( 9 ), balance experiments with 
measurements of fluid and food intake, and urine and stool output, 
have been carried out to ascertain what fluid and electrolyte changes 
may occur. 

The dogs have been maintained in a well lighted room heated with thermostatic 
control at 70-78°F. Metal wire metabolism cages were used. The sides and floor 
were washed down wth distilled water at tlae beginning of the experiment and 
between the periods of urine collection. The wash water was analyzed for its 
constituents, and the values foxmd added to the total excretion for the period. 
Stools were removed and analyzed separately. Fecal excretion of sodium and of 
chlorides cannot be neglected. By reason of tlie impossibilit}'- of exact separation 
into periods it constitutes an uncertain source of error. The dogs were catlieter- 
ized at 9,30 a.m. at the beginning of each control period, and da% during the stage 
of extract withdrawal and recovery. The weight was determined on silk scales to 
0.05 kilos, immediately after catheterization. After removal of the urine, the 
bladder was washed out with a measured volume of sterile distilled water, which 
vTis added to the specimen. The urine specimens were collected under toluol witli 
precautions against evaporation, measured daily, and kept on ice. Rectal tem- 
peratures were taken and observation made of the blood pressure by the method 
previously described (2). The water intake was measured and corrected for 
evaporation by subtracting the loss from a similar container suspended beside 
tlie cage. 

The animal under study was given its food at noon and trained to consume it 
within 5 hours, during the fore periods. Complete consumption of food during the 
period when extract is withdrawn is sometimes difficult to secure. The uneaten 
food was thus weighed back with a minimal loss from evaporation since it was 
exposed only during this 5 hour period, ^^^lere salt mixtures were given in addi- 
tion, the material was enclosed in a bolus of the food which was placed at the back 
of the dog’s mouth. The muzzle was held shut until the animal was induced to 
swallow. Half of the prescribed dose was given at noon and half at the end of 5 
hours. 

The food intake for the balance experiments was given in two forms: (a) a 
propriclaix' canned dog food, (cooked salted horse meat), the chloride and sodium 
content of which was uniform as checked b}' control anah^ses, and (b) ground raw 
lean beef muscle to which definite amounts of sodium chloride were added as de- 
scribed above. The material was passed twice through the electric grinder to in- 
sure thorough mixing, weighed out in oiled paper, and prcserv'cd by refrigeration in 
ventilated tins until needed. Aliquot portions were taken for analyses for rater, 
nitrogen, sodium, and chlorides. The chloride and sodium content of the canned 
dog food, as well as its nitrogen content, proved uniform witliin S per cent. The 
fresh beef muscle contained \*ariablc amounts of fat and was somewhat more 
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irregular in chloride and sodium. Both v;ere low, however, in comparison to the 
extra sodium chloride administered, and hence this error was not great in proportion 
to the total intake. 

We have been constantly engaged in making balance experiments for the past 
2 years. The technique upon suprarenalectomized dogs is difficult and the results 
presented are selected from a group of successful experiments to show the 
changes. 

During the control periods the animals were injected subcutaneously n*ith cor- 
tical extract in divided doses, twice daily. The same batch of extract was used 
throughout the experiment. Our extract is now so standardized that its strength, 
as determined by assay, is fairly constant (10). 


TABLE m 

Effect of Salt-Free Diet vt Accelerating Suprarenal Ins7ifficie7icy after Extract 

Cessation 


Dog 2-9. Right suprarenalectomy, Liar. 28, 1932. Left suprarenalectomy, 
Apr. 15, 1932. Death in insufficienc>% Feb. 11, 1933, 


Extract discontinued, Apr. 21 

Insufficiency on 7 th day 

Salted diet 

Extract discontinued. May 11 

Insufficiency on 10th day 

Salted diet 

Extract discontinued, Nov. 9 

Insufficiency on 9 th day 

Salted diet 

Extract discontinued, Dec. 2 

Insufficiency on 10th day 

Salted diet 

Salt-free diet from Feb. 1 (weight 8.1 kg.) 


Extract discontinued, Feb. 7 

1 Insufficiency on 2nd day 

1 Salt-free diet 

Death on 4th day. Could not be revived 



It vras observed early that the salt intake of a suprarenalectomked 
animal has an important bearing on its behavior after withdrawal of 
extract. Dog 2-9 illustrates this fact (Table III). 

This animal was known among our laboratory group as a “10 da>^^ dog, be- 
cause under the usual dietary regime with ample salt intake, it regularly went into 
marked suprarenal insufficienc>% on the 8th to the 10th day following cessation of 
injections of the extract. Such individual regularity of behavior after extract 
withdrawal, when conditions are uniform, is characteristic of the suprarenalec- 
tomized dog. WTien this animal was then given a salt-poor (lean muscle meat) 
diet for several days, abrupt stoppage of extract injections then produced s>inp- 
toms of severe insufficiency in 48 hours, and death, in spite of all efforts to revive 
the animal, 36 hours later. 

The salt content of the food also has a significant bearing on the 
extract requirement. Dog 7-0 illustrates this fact (Table IV). 
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TABLE IV 

Dog 7-0. Right suprarenalectomy, Dec. 13, 1932, Left suprarenalectomy, 
Dec. 22, 1932. Removal of salt from the diet where the extract dosage is at the 
maintenance level produces insufficiency. Conversely extract is required even 
where the diet is adequate in sodium. 


Dale 

Weight 

Extract 
per day 

1933 

kg. 

cc. 

Feb. 11 to 

9.0 

2 

17 

9.9 


Feb. 17 to 

9.9 

2 

22 

8-8 

1 

Feb. 23 

8.5 

2 1 

Feb. 24 

8.5 

2 

Mar. 3 

9.2 

2 

Mar. 17 to 
27 

9.4 

1 

2 

Mar. 27 

9.4 

No ex- j 

to 


tract 1 

31 

S.8 



Remarks 


Llixed diet. Dog in excel- 
lent condition, gains 0,9 kg. 
in 6 days. Temperature, 

lor 

Lean raw beef muscle with- 
out added salt. Loss of 
1.1 kg. in 5 days. Feb. 22, 
dog in insuflaciency. Can 
hardly stand, will not eat. 
Temperature, 99.3°. Given 
5 gm. NaCl — intravenous 
and intraperitoneal infu- 
sions 

Somewhat improved. Ate 
small amount of food. Salt 
given by mouth, intrave- 
nously and intraperitone- 
ally 

Ate very well 

Maintained on this dosage of 
extract in good condition 
until Mar. 17, gaining 0.9 
kg. in weight on normal 
salted diet 

Lean raw beef muscle with 
1 .5 gm. added salt. The 
salt protects the animal 
although on the identical 
diet and extract dosage 
which previously threw 
him into insufllcicncy (Feb. 
17 to 22) 

Extract removed 

Moderate insufncicncy. 
Blood pressure not lowered 


Plasma 
total 
base 
per liter 

Plasma 
sodium 
per liter 

Plasma 
chlo- 
rides 
per liter 

Plasma 
non; 
protein 
: nitrogen 

m.-cq. 


m.-tq. 

mg. per 
100 cc. 

152.8 

143.1 

111,2 

: 37 

144.6 

132.7 

105.1 

113 




43 

154.1 

143.2 

111.2 

1 

37 

153.3 

140.9 

108.9 

38 

147.9 

132.1 

1 

107.8 

(A 
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This animal was placed upon a low salt (whole chopped beef muscle) diet fol- 
lowing the use of a well salted mixed diet, (mixed meat scraps, potato, bread, and 
vegetables from the hospital kitchen), on which it had been well maintained on 
an established level of extract dosage for weeks. After 4 daj's upon the low salt 

TABLE V 

Effect of Salt Content of Diet on Fall in Electrolyte Concentration and Production of 
Suprarenal Insufficiency after Cessation of Extract Injections. On Low 
Salt Diet the Symptoms of Insufficiency Appear Much Earlier and the 
Changes in the Plasma Electrolyte Pattern Are More Marked 


Dog 8-4. Right suprarenalectomy Jan. 26, 1932. Weight 9.7 kilos. Left 
suprarenalectomy Feb. 2, 1932. 


Date 

Weight 

Non- 

protein 

nitrogen 

Plasma 
total 
base 
per liter 

Plasma 
sodi^ 
per liter 

Plasma 
chlo- 
rides 
per liter 

Plasma 
bicar- 
bonate 
per liter 

Remarks 

iPJ3 


mg. per 
100 cc. 






Feb. 13 

10.0 

34 

154.8 

140.0 

116.8 

23.6 

Iklixed diet, well salted 


Extract injections stopped Feb, 14 



Feb. 17 

9.9 

50 


137.1 

112.8 



Feb. 19 

9.3 





17.2 


Feb. 21 

8.9 

96 


128.2 


14.2 









perature, 98°. Vomits, 
staggers. Blood pressure 
55/0 

Feb. 22 

Revived with cortical extract and intravenous saline solution — 8th day 






Mar, 6 

1 9.7 

40 

1 



Mar. 8 

Extract in j ections stopped (weight 9 . 6 kg.) 

1 Salt-free diet (ground lean 









Mar. 11 

8.8 

mm 


131.5 

mm 

15.8 


Mar. 13 

8.4 

160 


121.9 

95.6 

13.6 

Severe insufficiency. Ap- 









Mar. 13 

1 Revived with cortical extract and intravenous saline solution — 5 th day 


after cessation of extract 




Apr. 6 

9.4 

33 


140.1 

112.2 

22.9 



diet, this constant dose of extract from the same lot proved inadequate for main- 
tenance, and it lapsed into insuffidenty. The dog was restored to its normal 
condition by the usual measures and was then replaced on the same low salt diet 
(whole chopped beef muscle), but with the addition of 1.5 gm. of sodium chloride 
daily. On this regime the original dosage taken from the identical lot of extract 
maintained it in excellent condition. 
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The magnitude of the salt intake introduces a new variable into the 
assays of cortical extract upon the suprarenalectomized dog. Our 

TABLE VI 


Dog 2-9. Right suprarenalectomy Mar. 28, 1932. Left suprarenalectom}’^ 
Apr. 15, 1932 (Penick). Balance e.xperiment — canned cooked salted horse meat. 


rt 

O 

Cortical extract per 
day 

Weight 

O 

a 

u 

B 

*o 

> 

4i >* 
K rt 
•C'O 

P 

Nitrogen balance 
per day 

Sodium balance 
per day 

Chloride balance 
per day 

Creatine per day 

Creatinine per day 

Total creatinine 
per day 

Total phosphates 
per day 

Blood non-protein 
nitrogen 

Food intake per 
day 

Clinical condition 












mg. 




cc» 

kg. 

cc. 

gm. 


m.-tq. 

gm. 

gm. 

gm. 

rm.p 

pcf 

100 

cc. 

gm. 


1 

5 













2 

5 













3 

5 





Average per da 3 ’’ 




Control period 

4 

5 


145 

-0.1 

-0.7 


[ora 

LOrM 

0.37 

inna 


Iwlii 


5 

5 













6 

5 

7.1 









34 




Extract injections discontinued beginning Nov. 10, 1932 ' 



7 

0 


218 

-0.1 

-27.9 



m 

m 

0.14 


m't 

Condition excellent 

8 

0 


244 

+0.1 

-35.6 

-27.0 








9 

0 

7.0 

247 


-27.7 

-22.0 


0.2S 

0.52 



B1 


10 

0 


167 

-i-0.5 

-7.5 

-4.1 



[gHa 



B 


11 

0 

6.8 

iiaa 

+0.5 

-3.7 

+1.0 

0.19 

0.25 

0.44 

0.13 


Bi 


12 

0 


230 

-t-0.1 

-3.1 




0.49 


90 

B 

Quite active. Eats 

13 

0 


179 

-0.4 

-5.0 

-2.5 

0.23 





B 

food prompt!}^ 

14' 

0 

6.7 

158 

-0.8 


-6.1 

QSQ 





95 









15 

15 

6.6 


-3.2 


+8.4 

loBi! 

ulal 

PBil 

(gBI 

115 

■lilil 

Verj’’ weak, but can 














stand. Tempera- 














ture 98.4°. 

16 




-3.1 

-1-1. 5 

+ 1.4 

0.21 

ml 

tgBl 

SB 



^luch more active 



6.3 



+3.9 

+7.7 

0.28 


0.59 

m 

45 


but ate very little 

B 

5 




Average per day 






B 

5 


147 


+3.9 

+2.9 

inna 


[ggw 

mUi 




■ 

5 

6.6 









40 


Condition excellent 

21 

5 













22 

5 





Average per day 






23 

5 


184 

KE 

+7.1 


n 

tnPq 

(ilcM 

0.16 

[ 



24 

5 

6,. 
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previous work was done up)on animals whose food intake was weighed 
daily. The salt intake was ample but it was not measured. It is 
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evident that the salt intake per kilo of body weight must be given 
close consideration. It is clear that the dosage may be reduced to a 
fraction of its original amount when a high salt diet is substituted 
for one low in salt content. 



< Fall diet ? <-Food-^< Fall diel- 

refused 


Chart 2. Sodium intake and output following cessation of cortical extract injec- 
tionsinasuprarenalectomizeddog. The return to approximate balance on the 10th t 
day is due to the exhaustion of the stores of extracellular water, and the fall in 
intake is due to refusal of food during the later stages of insufficiency. The 
sodium retention following resumption of the cortical extract injections about 
equals the loss during the earlier cessation period. Salted meat diet; no parental 
fluids given. Weight at beginning of experiment regained at its conclusion. 


The results of these balance experiments (Tables VI, VII), indi- 
cate that after cessation of the injections of cortical extract ^in an 
animal on a measured diet and sodium chloride intake, an abrupt rise 
in the excretion of sodium, chloride, and water occurs. The sodium 
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excretion is at its maximum during the following 48 to 72 hours. The 
excretion then falls with the drop in the concentration of these ions 
in the blood plasma, but the animal may remain on a negative balance 
even at the low’^est plasma level until it is restored by injections of ex- 
tract. Sodium is still excreted in appreciable amounts in the urine 
at a plasma sodium level of 106 m.-eq. per liter and chloride at a plasma 
chloride level as low as 85 m.-eq. per liter. The concentration of 
sodium in the urine increases following extract cessation. Notwith- 
standing the increased urinary volume, the concentration of this ion 
for the first 2 or 3 days may be nearly doubled. 

The loss of sodium and of chloride through the urine in excess of 
the amounts ingested during the period of extract cessation is much 
greater than can be accounted for by the loss due to the fall in their 
plasma concentration, and it is evident that the excess must come from 
the tissues. Thus during the 48 hours following extract cessation 
(Dog. 8-4, Table VII, days 8 and 9), the excretion of urinary sodium 
in excess of that of the control period amounted approximately to 
85 m.-eq. During the same period the fall in plasma sodium was 
11.4 m.-eq. per liter. Even assuming the blood volume to be 1000 cc. 
and the plasma volume 600 cc., the loss from the plasma alone could 
account for but 6.8 m.-eq. of sodium (600/1000 X 11.4). The rest, 
over 90 per cent of the whole, or 78.2 m.-eq. must be withdrawn from 
the water depots outside of the blood, during this period. It is true 
that a certain absolute shrinkage occurs in the plasma volume, but 
it is small during these early stages. It is clear that in suprarenal 
insufficiency, as has been elsewdiere observed, the changes in the con- 
centrations of plasma electrolytes do not necessarily reflect, eitlier in a 
qualitative or in a quantitative sense, the shifts in water and electro- 
lytes w'hich may be taking place in the depots of body w'ater, or in the 
water and electrolyte balance of the body as a w'hole. It will be noted 
that the increased e.xcretion of sodium takes place diiefly during the 
days immediately following e.xtract cessation and that the excretion 
thcii falls off abruptly (Chart 2). We interpret this fall as due to the 
exhaustion of the stores of interstitial body fluid. Once depleted, 
further supplies of sodium are obtained from the intracellular fluids 
with greater difficulty and probabl}’^ with more serious consequences 
to the organism. The increased sodium output in the urine, corrected 
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for the amounts jnelded by the blood plasma during this period, may 
well define the total volume of interstitial fluid so lost from the body. 

During the recovery period, there is a positive balance with reten- 
tion of sodium and chloride, a phase which may continue over several 
daj’s after injections of extract are resumed. \\Tien the total loss of 
these electrolytes during the cessation period is compared with the 
retention during the recoveiy’’ period it is found that these values ap- 
pro.ximate each other, provided the body weight returns to its original 
value. At the conclusion of the after period, the animal is again in 
sodium and chloride equilibrium and the plasma electrolyte pattern 
is restored approximately to its original form. 

Immediately after the resimiption of injections of cortical hormone, 
an increased excretion of urine is observed for a period of 24 to 72 
hours. Simultaneously the urinary nitrogen is greatly augmented. 
During this time the body weight continues to fall although the animal 
may obxdously be improving. Such a lag or even further loss of weight 
nearly always occurs before the body weight begins to return to its 
original level with the use of adequate injections of the cortical extract. 

The sodium chloride intake in the food must be adjusted at a rather 
low level in order to demonstrate clearly the effects of removing the 
injections of cortical hormone. Where ample salt is supplied in the 
food to compensate for the loss through the kidneys, the body stores 
of sodium are not drained and no immediate pronounced effect is noted 
on the balance. On the other hand, for the purpose of demonstrating 
the loss of body salt after removal of the extract, the salt intake must 
not be too low, since in such circumstances a state of insufficiency 
(Table V, March 8 to 11) may appear abruptly, wnth vomiting and 
diarrhea, which ruin the observations. 

It has been observed repeatedly during assay studies that animals 
which continue to eat can be maintained on lower amounts of extract 
for longer periods than those whose appetite is capricious. The effect 
may readily be explained as due to the lowered salt intake and conse- 
quent increased drain upon the endogenous salt stores of the animg| g 
whose food intake is low, and hence whose salt intake is greatly 
reduced.® 

® During the summer of 1932 we were unable to explain the high blood non- 
protein nitrogen values which we found in our suprarenalectomized dogs. For 
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Neither the nitrogen nor the phosphate excretion is materially 
increased during the period of extract cessation in spite of the loss of 
weight. On the contrary there is often a fall in excretion which 
becomes marked when food is refused. We have shown pre\dously 
that during this phase a marked rise in blood urea concentration also 
takes place, notwithstanding the continued excretion of an equal or 
greater volume of urine. In the after period, following the injection 
of effective amounts of extract, there is an immediate increase in the 
urinary excretion of nitrogen, and the urea fraction is particularly 
affected. This is coincident with the return to normal of the blood 
urea level. As the concentration of blood urea is an accurate index 
of the concentration throughout the tissues of this freely diffusible 
substance, it is reasonable to suppose that the increased urinary excre- 
tion of urea is derived largely from this source. Coincident with it 
there is also an increased excretion of urinary phosphorus. This is 
interpreted as being derived from the protein destruction resulting 
from cellular disintegration during the period of insufficiency. 

DISCUSSION 

Loeb and his coworkers (19) have just published a paper upon the 
electrolyte balance in three dogs during an extended control period, 

weeks they were maintained clinicalb’^ in an active healthy condition witli blood 
non-protein (urea) nitrogen levels of SO to 120 mg. per 100 cc. (65 to 100 mg. 
per 100 cc. urea nitrogen), a concentration which is ordinarily associated with 
severe insufficiency. Injections of large amounts of the cortical hormone pro- 
duced relatively little effect upon this blood level. We were at first inclined to 
attribute it to some unknown substance which came through the various lipid 
e.xtractions in the manufacture of our extract due to the fact that the glands were 
exposed to unusually hot weather at the abattoir before use. One animal, ap- 
parently in excellent condition, which also received 30 cc. daily of cod liver oil 
showed a constant elcx-ation for several weeks up to 200 mg. per 100 cc. of non- 
protein nitrogen. It becomes evident, however, on reviewing the protocols dur- 
ing that period, that the diet of the animals consisted principally of boiled un- 
salted beef. Since the water in which it was cooked was discarded, much of 
the soluble sodium chloride was undoubtedly extracted and lost. A ration very 
low in salt content was thus given. The seasonal variation in the survuTil period 
following bilateral suprarcnalectomy in various animal forms has been noted b.v 
many observers, as well as the fact that hibernating forms surv'ivc longer than 
those which are active. We have not had convincing evidence, however, that the 
c.xlract requirement of our animals, maintained in healthy condition, is any 
greater in the warm summer months than it is during the winter. 
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followed by suprarenalcctomy. The animals were then obser\^ed 
until death in suprarenal insufficiency. The magnitude of the dis- 
turbance in the electrolyte balance which we have found in the supra- 
renalectomized animal following cessation of injections of the cortical 
hormone, and during the subsequent repair of the process following 
resumption of its use, is quite comparable to that reported by these 
authors. It is e\ddent that the effects on the electrolyte balance im- 
mediately following suprarenalectomy and those due to removal of 
injections of the cortical hormone are identical, in the dog. Loeb 
reaches the conclusion that the suprarenal glands have a regulatory 
effect upon sodium metabolism and upon renal function. 

The reciprocal relations existing between the plasma concentrations 
of sodium and chlorides, and of urea, during both the period of extract 
cessation and that of recovery following its resumption, recall the 
theory, recently again revived by Blum and his coworkers (11), and 
by Hartman and Darrow (12), that urea nitrogen retention may be a 
compensation for the loss of electrolytes, in an effort to maintain os- 
motic equilibrium.® However doubtful such an explanation may be, 
the changes are so striking that the existence of some significant re- 
lationship seems probable. 

It is evident that the retention of nitrogen during insufficiency 
cannot be due to a reduction of water available for urea excretion, 
nor can the accumulation be merely secondaiy to circulatoiy failure 
and fall in blood pressure (20). As pointed out above there is an 
actual increase in urinary volume follomng extract withdrawal, and 
the collapse of the circulation occurs only after the rise in blood non- 
protein nitrogen is marked. The evidence points clearly to a direct 
regulatory influence exerted by the hormone upon the renal excretion 
of the several substances under discussion. 

The consequences of the loss of sodium, chlorides, and water through 
the kidneys in suprarenalectomized dogs, as a result of lack of the 

® The changes in the electrolyte pattern in suprarenal insufficiency do not affect 
the plasma pH (colorimetric method of Cullen and Sendro}’^ (/. BioL Chem 1922 
62, 501), except in the later stages, when a fall occurs which may be large at 
death. The condition, therefore, during suprarenal insufficiency is that of a 
compensated alkali deficit which in the advanced stages becomes uncompensated 
(personal communication from Dr. K, Stuart Hetzel), 
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cortical hormone, recall particularly the studies of Gamble and his co- 
workers in the dog concerning loss of pancreatic juice due to drainage 
from a Pawlow fistula (16, 17). The similarity in the symptoms of 
the animals which they studied to those obseiwed during the course of 
insufficiency in the suprarenalectomized dog is evident. The greater 
rapidity of the appearance of serious symptoms on a meat diet without 
added salt, in which the fixed base is in large part potassium, and hence 
unsuited to the repair of plasma and interstitial fluid loss was strik- 
ing and also in keeping with the effects in the suprarenalectomized dogs 
deprived of extract. 

Since the loss of sodium and of chlorides must come cliiefly from the 
body fluids in which they principally occur, namely the blood plasma 
and interstitial tissue fluid, it follows that the water loss from the par- 
enclijmiatous tissues, in whicli potassium is the principal base, should be 
relatively slight. Sucli appears to be the case in the animal dying 
in insufficiency. There is no appreciable reduction in the water con- 
tent of liver or of muscle tissue in the suprarenalectomized dog or rat 
dying of insufficiency, despite the marked loss of weight. Analyses of 
such tissue which we have made from three suprarenalectomized dogs 
and nine suprarenalectomized rats, killed during severe insufficiency 
following the cessation of extract, when compared with like tissues ob- 
tained from a control series composed of equal number of normal 
animals, shows an average difference in water content of less than 2 per 
cent. 

The increased excretion of urinary nitrogen and phosphorus, which 
follows resumption of injections of cortical extract, indicates an actual 
destruction of protoplasm and a reduction in its total mass during 
insufficiency. Destruction of muscle tissue is suggested by the changes 
in creatine and creatinine excretion as well. 

The question now arises as to whether the dehydration, used in its 
broader sense, to embrace not only loss of water, but loss of electrolytes 
from the interstitial body fluids and blood plasma, is a sufficient ex- 
]>lanation for the failure of the several physiological processes which we 
have described in our earlier papers (1, 2), and the ultimate cause of 
death in suprarenal insufficiency. We cannot at the present time ac- 
cept this e.xplanation as proven, but we believe the evidence presented 
indicates its importance and renders superfluous the various theories 
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of intoxication which have been so frequently put forward. Studies 
of the effect of sodium chloride in the acute insufSciency of Addison's 
disease support this view (18). 

The experience of numerous authors indicates clearly that all at- 
tempts to support the life of suprarenalectomized animals by sodium 
chloride alone have been unsuccessful. The cortical hormone, at 
least in minimal amounts, is indispensable for this purpose. It is 
possible that in the particular species which we have studied, the dog, 
the changes due to dehydration occur early, and mask other equally 
important changes due to lack of the cortical hormone, which make 
their appearance more slowly in this animal. 

SUiGIARY 

A characteristic alteration in the electrol 3 d:e structure of the blood 
plasma of the suprarenalectomized dog occurs when injections of 
cortical extract are stopped. This alteration progresses during the 
course of the suprarenal insufficiency, parallel with the hemoconcen- 
tration and the loss in weight. \\Tien injections of cortical extract are 
resumed, the electrolyte structure returns to its original form, the al- 
terations paralleling the dilution of the blood and the return of the 
body weight to its original level. 

The hemoconcentration, with the resulting physiological changes 
which take place in the suprarenalectomized dog after the cessation 
of cortical extract injections, is associated with a loss of sodium and 
chloride, accompanied by their proper complement of body water, by 
way of the kidney. Since this effect is produced in the suprarenal- 
ectomized animal, well nourished and in excellent condition, solely by 
cessation of injections of the cortical hormone, and ^nce the reverse 
process of repair of the electrolyte and water losses can be effected 
solely by resmnption of extract injections, it follows that all of the 
observed phenomena are due to this cause, and to this alone. It can 
be concluded that one function of the cortical extract in the suprare- 
nalectomized dog is that of participation in the regulation of the so- 
dium^ and chloride metabolism, and consequently, of the balance and 
distribution of water. The loss of water, in the absence of the cortical 
hormone, is sustained partly by the blood plasma, but to a far greater 
extent by the interstitial body fluid. The available evidence points 
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to the kidney as the locus of this regulatory function of the cortical 
hormone. 
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EXPERIMENTAL 

In the work described at this time four lines of investigation were 
followed. In the first place, an effort was made to determine what 
pathological changes are induced by vaccine virus in the brains of im- 
mune, partially immune, and normal monkeys. Then it seemed ad- 
visable to ascertain whether a testicular extract, Reynals^ factor (11, 
12), is capable of inducing vaccine virus to produce an acute dissemi- 
nated encephalomyelitis in monkeys. Furthermore, inasmuch as it 
has been stated (13, 14) that repeated injections of normal brain tissues 
cause paralyses in rabbits, an attempt was made to determine whether 
inoculations of sucli tissues in monkeys would cause an acute dissemi- 
nated encephalomyelitis. Finally, it seemed of interest to find out 
whether vaccine virus would cause an acute disseminated encephalo- 
myelitis in monkeys that had received repeated injections of emulsions 
and extracts of normal rabbit brains. 

Methods and Materials 

Monkeys , — All monkeys {Macaens rhesus) used in the experiments were healtliy 
and approximate!}^ half-grown. 

Virus , — ^The dermal strain of vaccine virus employed was originally obtained 
from the New York City Board of Health (15). It has been freed from bacteria 
and has been propagated in rabbits and by means of cultivation in vitro in a mix- 
ture of viable chick embryo tissue and Tyrode’s solution (15). It follows that 
none of tlie results reported in this paper can be ascribed to the action of bacterial 
contaminants. Wlien intracranial injections of vaccine virus were made, the 
monkeys in the majority of instances received known amounts of the same testicu- 
lar virus emulsion, No. 3285, preserved in 50 per cent glycerol, the titer of which in 
rabbits was 1-*1 ,000,000. Culture \drus was usually employed for dermal inocula- 
tions of the monkeys. The reason for the use of virus propagated in chick embr >’0 
tissue will be apparent when the experiments are described in detail. 

Fresh Brain Emulsions , — The fresh brain emulsions injected into monkeys were 
prepared in the following manner: One normal rabbit brain was thoroughly ground 
with alundum in a mortar. 40 cc. of Lockers solution and 10 cc. of 95 per cent 
alcohol were added. Then the emulsion was centrifuged at speed 5 for 3 minutes. 
3-5 cc. of the supernatant material were injected into each monkey. Fresh 
emulsions were made for each set of inoculations. The sterih’ty of the materials 
employed was tested by cultures. 

Brain Extracts, — The brains of 4 rabbits that had been exsanguinated were 
removed and thoroughly ground in a mortar, without an abrasive. This material 
was then placed in a large flask and extracted for 4 days at 37°C. with 300 cc. of 
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The 9 experiments performed to determine the effect that vaccine 
virus has on the brains of normal, partially immune, and immune mom 
keys have been divided into 2 groups. The animals of the first group 
received intracranially 1 cc. of a 1-20 dilution of a rabbit testicular 
virus, while those of the second group received 1 cc. of a 1-5 dilution 
of the same virus. 

Group /. — Group I consisted of 5 experiments in which 13 monke3^s were used, 
5 of which were controls. 8 monkeys were inoculated on tlie skin with vaccine 
virus that had been cultivated in a mixture of chick embryo tissue and Tyrode^s 
solution. The virus was smeared on 2 large areas of scarified skin. On the 2nd, 
4th, 6th, and 10th days after the dermal inoculations either 1 or 2 of tlie monkeys 
togeUier with a control received intracisternally 1 cc. each of 1-20 dilution of a 
rabbit testicular vaccine virus, No. 3285. In addition to these animals, 1 monkey 
dermally vaccinated 6 days previously and 1 normal monke}^ received 1 cc. each of 
the testicular virus in the right parietal lobe. All of the control animals died of a 
meningitis. The control monkey that received tlie virus in tlie right parietal lobe 
also had a partial paralysis of the left arm and leg. The 2 monkey's that had been 
vaccinated 2 days prior to the cisternal inoculations died of a meningitis similar 
to that of the controls. The 2 monkeys that had been vaccinated 4 days prior to 
the cisternal inoculations had a mild meningitis from which tlie}’’ promptN re- 
covered. The animals vaccinated 6 and 10 days prior to tlie cisternal inoculations 
showed no clinical evidences of cerebral involvement. None of the test and con- 
trol animals showed any manifestations suggestive of an acute disseminated en- 
cephalomyelitis. The results of tliese experiments are summarized in Table I. 

Group IL — The monkeys in Group I vaccinated on tlie skin developed a re- 
fractory state to the cisternal inoculations of a 1-20 dilution of the testicular virus 
so rapidly that wc decided to do another series of experiments in which 1-5 dilu- 
tions of the same virus emulsion were employed. This set of 4 experiments 
represents Group II in which 8 monkeys were used. 4 monkeys were vaccinated 
on the skin witli culture virus similar to that used for tlie animals in Group L 
On the 5th, 7th, 10th, and 12th days after vaccination, 1 vaccinated and 1 control 
monkey recciv^ed intracisternalh’ 1 cc. cacli of a 1-5 dilution of testicular virus, 
No. 3285. All of the control animals died of a meningitis. The monkeys tliat 
had been vaccinated 5 and 7 days prior to the cisternal inoculations also died of a 
meningitis similar to that of the controls. The monkey tliat had been vaccinated 
10 days prior to the cisternal inoculation developed a mild meningitis from which 
it promptly recovered, while the one \’accinated 12 days prior showed no evidences 
of cerebral involvement. None of the animals developed signs suggestive of an 
acute ilisseminatcd encephalomyelitis. The results of the experiments arc sum- 
marized in Table II. 

Piitliohr^y, —The pathological findings in the brains of the monkeys that died 
following the cisternal inoculations of vaccine virus consisted of a non-purulent 
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meningitis most intense around the pons, cerebellum, and cord. A slight amoxmt 
of perivascular infiltration and glial reaction was seen in the superficial portions 
of the brain. The response of the partially immune brains to the infection differed 


TABLE I 

Su77ii7iary of Experiments in Which Each Monkey Received Intracranially 1 Cc. of a 
1-20 Dilution of a Rabbit Testicular Vaccine Virus, No, 3285 


Expen* 

nient 

No. 

Mon* 

No. 

No. of days 
betwetn dennal 
^ vaccinaUon and 
intracranial inocu- 
lation 

Site of intracranial 
inoculation 

Result 

Remarks 

I 

1 

2 

Cistema magna 

Died, 5 days 

Signs of meningitis 


2 

2 

<c 

U 

« 5 « 

cc cc 

cc 


3 

No dermal vac- 
cination 

<c 

t€ 

« 5 “ 

cc cc 

cc 

II 

4 

4 

tt 

il 

Survived 

Signs of a mild menin- 
gitis 


5 

4 

t( 

ti 

a 

“ 

cc 


6 

No dermal vac- 
cination 

i< 

« 

Died, 6 days 

Signs of meningitis 

m 

j 

7 

6 

Right 

lobe 

parietal 

Suivdved 

No signs of cerebral in- 
volvement 


8 

No dermal vac- 
cination 

(f 

fC 

Died, 6 days 

Signs of meningitis, 
weakn^ in left leg 
and arm 

IV 

9 

6 

Cistema magna 

Survived 

No signs of cerebral in- 
volvement 


10 

No dennal vac- 
cination 


cc 

Died, 8 days 

Signs of meningitis 

V 

11 

10 


tt 

Survived 

No signs of cerebral in- 
volvement 


12 

10 

« 

cc 

cc 

cc 

it 


13 

No dermal vac- 
cination 

fi 

ct 

Died, 6 days 

Signs of meningitis 


in no obvious way from that of the normal brains. In no instance was an acute 
disseminated encephalomyelitis with perivascular demyelination encoimtered 
Figs. 1-4 portray the pathoIog>' of vaccinal meningitis and encephalitis in monkeys 

The results of the experiments described above and summarized in 
Tables I and II indicate that the brain of a vaccinated monkey rapidly 








44 


ACUTE DISSEMINATED ENCEPHALOMYELITIS 


becomes refractory to the virus, probably just as rapidly as does the 
skin. Furthermore, it seems evident that vaccine virus injected intra- 
cisternally in monlceys produces a meningitis accompanied by a mild 
superficial encephalitis, and not an acute disseminated encephalo- 
myelitis with perivascular demyelination. 


TABLE II 

Summary of Experiments in Which Each Monkey Received IiitracraniaUy 1 Cc. of a 
1-5 Dilution of a Rabbit Testicular Vaccine Virus, No. 32S5 


Experi- 

ment 

No. 

1 

Mon- 

key 

No. 

1 

No. of days 
between dermal 
^ vaccination and 
intracranial inocu- 
lation 

Site of intracranial 
inoculation 

Result 

Remarks 

VI 

14 

5 

Cisterna magna 

Died, 3 days 

Signs of meningitis 


IS 

No dermal vac- 
cination 


(( 

u 5 « 

(( (( 

<c 

VII 

16 

7 

« 

it 

it ^ it 

it it 

ti 


17 

No dermal vac- 
cination 

a 

it 

it ^ it 

ti it 

it 

VIII 

18 

10 

i( 

it 

Survived 

Signs of a mild menin- 
gitis 


19 

No dermal vac- 
cination 

a 

it 

Died, 3 days 

i Signs of meningitis 

IX 

20 

12 

(C 

u 

Survived 

1 

No signs of cerebral 
involvement 


21 

No dermal vac- 
cination 

(C 

it 

Died, 5 days 

Signs of meningitis 


Effect of Testicular Extracts {Rcyuals^ Factor) on Vaccinal Infections in 

the Brains of Monkeys 

It has been shown (II, 12) that testicular extracts in some manner 
enhance the action of vaccine virus. In view of this fact, we decided to 
determine whether by means of such an extract vaccine virus could be 
induced to cause an acute disseminated encephalomyelitis in monkeys. 

Experiment X . — In this experiment we attempted to find out (1) whether a 
tc.stiaihr c.xtmct injected into the cistern of a monkey would cause v^iccine virus 
f'laccd on the skin of the thora.x to invxide the brain and (2) whether a mixture of 
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testicular extract and \niccine virus injected into the cistern of a monkey vacci- 
nated on the skin 3 days previously would produce a marked encephalitis as well 
as a meningitis. 

Monkey 22 received intracistemally 1 cc. of Rejmals’ factor and showed no signs 
of cerebral involvement. Monkey 23 was vaccinated on the skin with culture 
\*irus. 2 and 7 days after the dermal vaccination the animal received intracistem- 
ally 1 cc. of Rc>mals* factor and showed no signs of cerebral involvement. ^lonkey 
24 was \TLCcinatcd on the skin vath culture \drus and 3 days later received intra- 
cistemally a mixture of a 0.5 cc. of Re>TiaIs' factor and a 0.5 cc, of a 1~20 dilution 
of testicular \’irus, No, 3285. The animal developed a stiff neck, ataxia, and spas- 
ticit>', and was sacrificed 7 days after the cisternal inoculation. Sections of the 
brain and cord revealed pictures similar to those described earlier in the paper, 
hlonkey 25 received intracistemally a mixture of a 0.5 cc. of Rejmals^ factor and a 
0.5 cc. of a 1-20 dilution of testicular virus, No. 3285. The animal developed a 
stiff neck, ataxia, and weakness of the arms, and was sacrificed when found mori- 
bund on the 6th day after inoculation. Sections of the brain and cord revealed 
pictures similar to those described earlier in the paper. 

The evidence obtained from Experiment X indicated that we would 
be imable by means of Reynals’ factor and vaccine virus to produce an 
acute disseminated encephalomyelitis in monkeys. Consequently we 
pursued the matter no further. 

Efect in Monkeys of Repeated Injections of Emulsions and Extracts of 

Normal Rabbit Brains 

During antirabic vaccination an occasional patient develops signs 
and symptoms of involvement of the central nervous system (17, 18). 
Some of these patients die and at autopsy a myelitis or an encephalitis 
is foimd. In many instances, however, the meager descriptions of the 
pathological changes in the brain and cord leave one in doubt as to 
their nature. Nevertheless, sufficiently accurate and complete descrip- 
tions (18-20) have been made to indicate that in certain instances the 
lesions are similar to those seen in postvaccinal encephalomyelitis. 
The cause of this rare complication of antirabic vaccination is unknown. 
Certain workers have suggested, however, that it is produced by the 
repeated injections of brain or cord tissues in the antirabic vacdne (13 
18). Indeed, several workers (13) believe that they have produced 
the disease experimentally m rabbits by means of repeated injections 
of normal brain tissues. Nevertheless, Hurst (14) recently found 
that no obvious pathological changes were present in the brains 
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and cords of rabbits that became paralyzed while recei\dng repeated 
injections of normal brain tissues. Inasmuch as monkeys had not 
been used for this type of work, we decided to find out what effect re- 
peated injections of emulsions and extracts of normal rabbit brains 
would have on such animals. 

Experivtcnl XI . — 8 healtlay half-grown monkeys {Macacns rJtcsus) received 
repeated inoculations (3 a week) of emulsions and e.xtracts of normal rabbit 
brains. The emulsions and extracts were prepared and administered to the 
animals in the manner described under the heading of Methods and Materials. 

Each of 2 monke3's, Nos. 26 and 27, received 14 injections, 5 of emulsions and 9 
of extracts. Both monkeys remained well and were used for Experiment XII in 
which the brains and cords were examined and found to show no perivascular 
demyelination. 

Each of 3 monkeys. Nos. 29, 32, and 33, received 93 injections, 52 of emulsions 
and 41 of extracts. The 3 animals remained healthy and were used for E.xperiment 
XIII in which the brains and cords were examined and found to show no peri- 
vascular demyelination. 

Monkej' 30 received, between May 26, 1931, and Dec. 14, 1931, 84 injections, 
46 of emulsions and 38 of extracts. On Nov. 9, it was noticed that tlie monkey 
kept its head turned to the left, and that there was a tendency for tlie chin to rest 
on the left shoulder. The animal at this time began to lose weight and grow weak. 
On Dec. 2, the monkej' seemed ataxic, climbed about the cage witli difficulty, and 
became tired quickly. The animal gradually grew worse and was sacrificed on 
Dec. IS, 1931. At no time were there any signs suggestive of tuberculosis. At 
autopsy all the organs macroscopically appeared normal. No evidence of tuber- 
culosis was seen. Cultures of the brain remained sterile. Sections stained with 
hcmatoxj’lin and eosin revealed a slight amount of perivascular infiltration in the 
cerebrum and cord, a marked perivascular infiltration in the midbrain, pons (Figs. 
5 and 7), medulla, and cerebellum (Fig. 6). In certain instances, the cells seemed 
to be collected in the perivascular spaces, while in others tliere was definite glial 
reaction extending out from the vessels into the substance of the brain. Some 
areas not dcfinitel.v associated with vessels (Fig. 5) showed a similar glial reaction. 
In places the lesions had a granulomatous appearance, and an occasional giant cell 
(Fig. 9) was found. In spite of the fact that mononuclear cells predominated in 
the cellular reaction a surprising!}’ large number of eosinophilic polymorphonuclear 
elements were also found. In certain areas the meninges (Fig. 9) of the cerebellum 
were involved and showed an infiltration of mononuclear cells. I^Iarchi and Wei- 
gert stains revealed definite changes in or loss of myelin sheaths in the neighbor- 
hood of vessels in the pons (Fig. 10) and cerebellum (Fig. S). No degeneration 
of spinal cord tracts was seen. 

Monkey 31 received, between May 26, 1931, and Oct. 10, 1931, 52 injections, 
2S of emulsions and 24 of extracts. On July 20, an abscess formed at the site of 
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one of the inoculations. From that time until Aug. 10 the injections were dis- 
continued, After the abscess healed, the inoculations were again made at the 
rate of 3 a week. On Oct. 9, the animal appeared weak and dragged its left leg. 
Oct. 14, the animal was weaker, left arm and leg were partially paralyzed leading 
to incoordination of mov’cment particularly noticeable when the monkey made 
attempts to climb up the side of the cage. Oct. 16, the animal was sacrificed and 
autopsied immediately. All the organs seemed normal except the brain. No 
e\ddence of tuberculosis was found. The brain w*as congested and on section the 
w'hite substance of the right parietal lobe had a moth-eaten appearance. A 


TABLE nr 

Summary of Ihc Results of Experiment XI in Which Monkeys Received Repeated 
Injeclions of Emulsion and Extracts of Normal Rabbit Brains 


Monkrj' No, 

No. of injec- 
tions of brain 
emulsions 

No. of injec- 
tions of brain 
extracts 

Results 

26 

5 

9 

Negative. Used in Experiment XII 

27 

5 

9 

“ “ “ “ XU 

28 

24 

26 

Died suddenly after 50th injection. Brain and 
cord negative 

29 

52 

41 

Negative. Used in Experiment Xni 

30 

46 

38 

Developed a tendency to hold chin on left shoulder, 
ataxia, and weakness. Sacrificed. Section 
showed inv'olvement of midbrain, pons, cerebel- 
lum, and medulla, with perivascular demyelina- 
tion 

31 

28 

24 

Developed ataxia, general weakness, and paresis of 
left leg and arm. Sacrificed. Section through 
right parietal and temporal lobes showed marked 
involvement of white matter with periv'ascular 
demj'ehnation. Tract degeneration in cord 

32 

52 

41 

Negative. Used in Experiment XiU 

33 

52 

41 

“ « « « ^jjj 


Sudan III preparation from this area showxd a large niunber of fat-containing 
cells around the vessels. Cultures made from the brain remained sterile. Sec- 
tions of the brain stained wdth hematoxv’lin and eosin revealed a marked infiltra- 
tion of cells in the w’hite substance of the right parietal lobe (Figs. 12-15) and a 
slight infiltration in the left parietal lobe. In general, the cells seemed to be col- 
lected around the vessels (Figs. 12, 15) but they also extended well out into the 
substance of the brain (Fig. 13, 14). At times the cells assumed a palisade ar- 
rangement around minute areas of necrosis in such a manner as to be suggestive 
of granulomatous lesions. Mononuclear cells, particularly glial elements pre 
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dominated in the reaction. Nevertheless, a surprisingly large number of eosino- 
philic polymorphonuclear elements were found. March! and Weigert prepara- 
tions showed marked changes in or loss of the m3>-elin sheaths in the right parietal 
lobe (Fig. 11). Slight pathological changes of a similar nature were also found in 
the left parietal lobe. March! preparations of tlie cord revealed degeneration of 
myelin in both of the lateral pyramidal tracts and botli of the anterior median 
columns. 

From the results of Experiment XI (Table III) it appears that of 8 
healthy half-grown monkeys {Macacus rhesus) receiving repeated in- 
jections of emulsions and alcohol-ether extracts of normal rabbit brains, 
5 developed no clinical signs of involvement of the central nervous 
system and at autopsy showed no evidences of perivascular demyehna- 
tion, 1 suddenly died after an injection and had no demonstrable patho- 
logical changes in the central nervous system, and 2 developed clinical 
signs of involvement of the central nervous system in whicli sections 
revealed an inflammatory reaction accompanied by demyelination. 
The significance of the findings in these 2 monkeys will be discussed in 
another part of the paper. 

Ejffcct of Vaccine Virus on Monkeys Receiving Repeated Injections of 
Enmlsions and Extracts of Normal Rabbit Brains 

Having studied the effect of vaccine virus on the brains of normal, 
partially immune, and immune monkeys, and having noted the effect 
in monkeys of repeated injections of emulsions and alcohol-ether ex- 
tracts of normal rabbit brains, w'e decided to investigate the reaction 
of monkeys to the combined action of vaccine virus and emulsions and 
extracts of normal brain tissue. This matter was dealt with in Experi- 
ments XII and XIII. 

Experiment XII . — Monkey 26, between May 26, 1931, and Jub" 1, 1931, re- 
ceived 14 injections, 5 of emulsions of fresh rabbit brain and 9 of alcohol-ether 
e.xtracts of brain tissue. Shortly after the last injection the monkej’ was inocu- 
lated in 2 places on the skin with \’accine virus propagated in tissue cultures. 2 
days after the dermal \'accination, a cisternal puncture was made, fluid was re- 
moved, and 0.5 cc. of a 1-20 Locke’s solution dilution of the alcohol-ether extract 
of brain tissue plus 0.5 cc. of a 1-20 Locke’s solution dilution of culture vaccine 
virus was injected. Typical lesions developed at the sites of dermal raccination. 
.As a result of the cisternal injection of x-irus, the animal developed signs of menin- 
gitis and was sacrificed 10 days after the inoculation. Examination of the brain 
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and cord showed a meningitis similar to that described earlier in the paper. No 
e\’idencc of pcri\*ascular dcmyclination w’as found in March! and Weigert prepara- 
tions. ^fonkey 27, control for No. 26, received, between Maj' 26, 1931, and July 
1, 1931, 14 injections, 5 of brain emulsions and 9 of brain extracts. This animal 
^^’as not vaccinated on the skin, but received an inoculation in the cistema magna 
similar to that given Monkey 26. The animal developed meningitis and was 
sacrificed 9 days after the cisternal inoculation. Examination of the brain and 
cord showed a meningitis similar to that foxmd in Monkey 26. 

Expcrivicni XIIL — Each of 3 monkeys, Nos. 29, 32, and 33, received, between 
May 26, 1931, and Jan. 11, 1932, 93 injections, 52 of brain emulsions and 41 of 
brain extracts. A few days after the last injection the animals were inoculated 
in the following manner: Alonkey 29, \^ccinated on the skin with rabbit testicular 
\*accine \drus, received intravenously 1 cc. of a 1-5 dilution of culture \'accine virus 
and intracerebrally 0.25 cc. of a 1 per cent emulsion of fresh rabbit brain. Monke\' 
32, \'accmated on the skin with rabbit testicular \’accine \’irus, received intra- 
venously 1 cc. of a 1-5 dilution of culture vaccine \’irus plus 1 cc. of a 1 per cent 
emulsion of fresh rabbit brain mixed with 3 cc. of Locke's solution; a cisternal 
puncture v^s made and 2 cc. of fluid were withdrawn. iMonke}" 33, vaccinated 
on the skin with rabbit testicular vaccine virus, received intravenously 1 cc. of a 
1~5 culture v'accine virus; a cisternal puncture was made, 1.5 cc. of fluid were w-ith- 
drawn, and 0.35 cc. of a 1 per cent emulsion of fresh rabbit brain were injected. 
The 3 monkeys developed t>"pical vaccinal lesions at the sites of skin inoculation, 
but never showed signs of central nervous system involvement. Monkeys 29, 32, 
and 33 were sacrificed IS, 17, and 16 days respectively after inoculation. Ex- 
amination of the brains and cords revealed no eridences of meningitis, encephalitis, 
or perivascular demyelination. 

From Experiments XII and XIII no evidence was obtained to indi- 
cate that the combined action of vaccine virus and an emulsion of fresh 
rabbit brain is capable of producing perivascular demyelination in 
monkeys that had received repeated injections of emulsions and alcohol- 
ether extracts of normal rabbit brains. 

DISCUSSION 

The acute disseminated encephalomyelitis that occasionally follows 
Jennerian prophylaxis, smallpox, measles, and antirabic vaccination is 
now a well recognized pathological picture (1, 2, 3, 20) and is particu- 
larly characterized by perivascular demyelination. Indeed, the peri- 
vascular demyelination is such an important part of the process that all 
investigators attempting to produce the disease experimentally should 
study their material by means of March! and Weigert stains as well as 
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by the ordinary stains usually employed. In the past certain workers 
have failed to do so, and this fact leaves one in doubt concerning the 
results actually obtained by them. 

The results of the work reported in the first part of the paper clearly 
show that vaccine virus, free from bacteria, injected into the cisterna 
magna or into the parietal lobe of a monkey leads to a fatal disease. 
These findings are in accord with those of Eckstein (9) and Hurst and 
Fairbrother (4). The pathological picture is that of a severe meningi- 
tis accompanied by a mild encephalitis involving the superficial por- 
tions of the brain. No evidence was obtained to indicate that the 
direct action of vaccine virus on the brain of a normal monkey is cap- 
able of producing an acute disseminated encephalomyelitis with peri- 
vascular demyelination. In this respect our results are different from 
those reported by Clearkin (6) and McIntosh and Scarff (5). 

The results of our work dealing with the effect of vaccine virus on 
the brains of partially immune and immune monkeys lend no support 
to the idea that postvaccinal encephalomyelitis is an hyperergic 
phenomenon (16). We did find, however, that the brain of a monkey 
vaccinated on the skin rapidly becomes refractory to the active agent 
placed in the cisterna magna or in the parietal lobe. Indeed, the re- 
fractory state is evident by the 4th day and quite marked by the 6th 
day after dermal vaccination (Table I). 

A testicular extract prepared in the manner described by Reynals 
enhances the activity of vaccine virus. It has been suggested that the 
enhancement is due in part to an increased permeability of susceptible 
cells (12). In Experiment X, the Reynals’ factor with and without 
vaccine virus was placed in the cisterns of monkeys, some of whidi 
had, while others had not been vaccinated on the skin. This was done 
in the hope that the testicular extract would break down the barrier 
between the subarachnoid space and brain or between the blood stream 
and brain in such a way as to permit the vaccine virus to produce an 
acute disseminated encephalomyelitis. Our hopes were not realized, 
however, because sucli an encephalomyelitis failed to be induced in this 
manner. 

The results of repeated injections of brain emulsions and brain 
c.xtracts into monkeys are interesting. The significance of the find- 
ings, however, is not clear. One animal died suddenly after an 
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inoculation, but showed no lesions in the brain and cord to account for 
the death. This is in accord with observations (14) that sudden 
deaths without obvious cause occur in rabbits receiving repeated inocu- 
lations of brain emulsions. Two monkeys developed clinical signs of 
involvement of the central nervous system. Examination of one of the 
animals revealed an inflammatorj’^ reaction accompanied by perivascu- 
lar demyelination in the midbrain, pons, medulla, and cerebellum. 
Examination of the other animal brought to light pathological changes 
in the cerebrum suggestive of, but different from, those seen in Schild- 
er’s disease. Inasmuch as two of eight monkeys receiving repeated 
injections of brain emulsions and brain extracts developed central 
nervous system lesions wth destruction of myelin sheaths, one might 
be tempted to ascribe the pathological changes to the treatment re- 
ceived by the animals. Nevertheless, the lesions were not typical of 
disseminated encephalomyelitis. Furthermore, from reports in the 
literature (21-26) it appears that monkeys may suffer from sponta- 
neous demyelinating diseases of the central nervous system. The pic- 
ture in our monkeys, however, is not identical with any of those al- 
ready recorded. Consequently, at the moment we hesitate to state 
definitely what relation the treatment of our monkeys had to the dis- 
ease found in them. The experiment should be repeated with a larger 
number of monkeys, and we intend to do so if the opportunity arises. 

SUMMARY 

No evidence was found to support the idea that vaccine virus placed 
m the cistema magna is capable of producing an acute disseminated 
encephalomyelitis with perivascular demyelination either in normal 
or in partially immune monkeys. 

A testicular extract (Re)mals’ factor) did not induce vaccine virus to 
cause an acute disseminated encephalomyelitis in monkeys. 

Repeated intramuscular injections of brain extracts and brain emul- 
sions into eight monkeys were followed in two instances by an inflamma- 
tory reaction, accompanied by demyelination, in the central nervous 
system. The exact relation of the injections to the disease of the 
nervous system is not clear. 

The combined action of vaccine virus and an emulsion of fresh rabbit 
brain did not lead to the productionof anacutedisseminatedencephalo- 
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myelitis in monkeys that had received repeated intramuscular injec- 
tions of emulsions and alcohol-ether extracts of normal rabbit brains. 
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EXPLANATION OF PLATES 
Plate 1 

Fig. 1. Vaccinal meningitis in the neighborhood of the pons and cerebellum. 
The e.xudatc consists of fibrin and polymorphonuclear and mononuclear cells. 
H. and E. X 63. 

Fig. 2. Infiammation of the meninges of the cord caused by vaccine virus. H. 
and E. X 63. 

Fig. 3. Inflammation of the cerebral meninges induced by vaccine virus. The 
e.Tudatc immcdLitely in contact with the surface of the brain consists of mononu- 
clear cells and is suggestive of the type of reaction caused by the activity of vaccine 
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vims in the skin. The substance of the brain near the surface also enters into the 
reaction and displa)^ a certain amount of perivascular infiltration. H. and E. 
X 250. 

Fig. 4. Perivascular infiltration in the pons caused by \^ccine \drus placed in 
the cistema magna. The perivascular exudate was rarely as marked as por- 
trayed. H. and E. X 250. 

Plate 2 

Fig. 5. Lesions in the pons of hlonkey 30. H. and E. X 63. 

Fig. 6. Lesions in the cerebellum of Monkey 30. H. and E. X 63. 

Fig. 7. Perivascular infiltration in the pons of Monkey 30. H. and E. X 250. 

Fig. 8 . Demyelination in cerebellum of Monkey 30. hlodified Weigert stain. 
X 37. 

Fig. 9. Giant cells in cerebellum, and thickened cerebellar meninges infiltrated 
with mononuclear cells. Monkey 30. H. and E. X 250. 

Fig. 10. Demyelination in pons of Monkey 30. Modified Weigert stain. X 37. 

Plate 3 

Fig. 11. Demyelination in the right parietal lobe of Monkey 31. The picture 
is suggestive of Schilder’s disease. Modified Weigert stain, X 37. 

Figs. 12-15. Lesions in the right parietal lobe of Monkey 31. Note the peri- 
vascular distribution. H. and E. X 250 and X 63. 
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THE ANTIGENIC RELATIONSHIP BETATOEN PROTEUS 
X49 AND TYPHUS RICKETTSIAE 

A Study of the Weil-Felix Reaction 

By M. RUIZ CASTANEDA, M.D., and SAMUEL ZIA, M.D. 

{From Ihc Dcparimcnl of Bcclcriology and Immunology of the Harvard University 

Medical School j Boston) 

(Received for publication, April 29, 1933) 

In a preceding paper from this laboratory", Zinsser and Castaneda 
(1) reported upon the development of a method by vrhich reliable 
agglutination reactions could be obtained, ndth Rickettsia suspensions, 
in sera from convalescent typhus patients and in those of convalescent 
or vaccinated animals. The experiments carried out by this method 
showed a definite antigenic relationship between our own Mexican 
Rickettsia vaccines obtained from rats and the Weigl vaednes pro- 
duced with European Rickettsiae obtained from infected lice. It was 
also foimd that there was parallelism between the agglutinating powers 
of the investigated sera for Rickettsia and for Bacillus proteus X-19. 
These results were in keeping with the immunologic studies on ty^phus 
fever published from this laboratory during recent years and with the 
well known specificity of the WeU-Felix reaction in the several ty^pes 
of Rickettsia mfection. The method furnished an opportunity for a 
more predse investigation of the antigenic mechanism responsible 
for this spedfic relationship. 

The experiments described below represent agglutinin absorption 
studies applied to this problem. 

Technique 

The materials used for agglutination were the following: (1) WeigPs phenolized 
vaccines, which consist of triturated suspensions of Rickettsia praivazehi obtained 
from^ the intestines of lice infected with European typhns. (2) Suspensions of 
Mexican Rickettsiae obtained from rats hy the method described (3) A non 
motile ^‘0” culture of Bacillus proteus X-19. The suspensions of this organbm 
used w’ere made from fresh agar slants in everj’ case. ^ 
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The agglutinating sera used were as follows: (1) European and Mexican conva- 
lescent t3T)hus sera. (These were unfortimately quite old.) (2) A serum from 
an endemic case of typhus occurring in Boston, (3) The serum of a horse im- 
munized with formalinized Mexican Rickettsiae, (4) The sera of rabbits im- 
munized with the stock strain of Bacillus proteus X-19, 

Absorptions were carried out by the addition of thick suspensions of either 
Bacillus proteus X-19 or of the Mexican Rickettsiae to sera diluted two to four 
times with salt solution. In the experiments presented in Table III, the sera were 
diluted to from 1:30 to 1:75 before absorption. The mixtures were kept in a 
water bath at 37°C. for from 3 to 4 hours and were then allowed to stand at room 
temperature overnight. Controls of similarly diluted sera — unabsorbed — were, 
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Sera Absorbed with Proteus X-19 
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in every case, identically treated. Before testing, the suspensions were centri- 
fugalizcd at high speed in order to remove organisms. 

In observing the reactions, the ordinar>'' macroscopic test was used for the 
Proteus agglutinations, the tubes being placed in a water bath at 37° to 40°C. for 
2 hours, and then left at room temperature overnight before final readings were 
made. 

The Rickettsia agglutinations were carried out by methods described in the 
paper referred to (l). 

Experiment 7. — In this experiment, we used the scrum of a woman who was 
admitted to the Beth Israel Hospital in Boston early in the winter of 1932-33, 
suftcring from endemic typhus fever. The history' and the clinical course were 
typical and the Wcil-Fclix reaction titrated up to 1:640. Agglutination of both 
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the European and the Mexican Rickctlsiae in this case ran almost parallel with the 
Wcil-FclLx reaction, as will be noted from Table I. The fact that this serum was 
not from an epidemic Mexican or European case somewhat weakens the value of 
our experiment, since we were not able to obtain a virus from the patient, probably 
because our attempt to do this was made too late in the disease. 

In the same experiment, we similarly absorbed our antit3T)hus horse serum, 
controlling this part of the experiment with normal horse serum. 

Table I illustrates the results. 

Proteus X~19 removed, from the human serum as well as from the 
antiUphus horse serum, practically all agglutinins for Proteus X-19, 
but did not affect the agglutination of the Rickettsiae. 

In an experiment similar to our owm, Krukowski (2) found that 
when European convalescent typhus serum was absorbed with 


TABLE n 

Sera A bsorhed with Mexican Rickettsiae {Pormalinized) 
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Proteus X-19, the homologous agglutinins were removed, whereas 
those for the Rickettsiae were left unabsorbed. Our experiment fully 
confirms and extends this observation. 

Experiment II. — In thic; experiment, the sera of two rabbits which had been 
hnmimized vAth Proteus X-19 were absorbed with Mexican Rickettsiae. Table 
II illustrates the results of this experiment. 

It is plain from Table II that the absorption of an 2i,xiti-Proteus 
rabbit serum with Mexican Rickettsiae has practically no effect upon 
the dinii-Proteus agglutinins. 

Experiment III. — In this experiment, four human t>^hus sera, one from the 
Boston case, two from convalescent Alexican tj-phus patients and one from a 
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Polish case, were absorbed by the method described with formalinized Mexican 
Rickettsiae. These sera agglutinated Proteus X-19, as well as the Mexican Rickett- 
siae, in all instances except in that of the Polish case. This serum agglutinated 
Mexican Rickettsiae up to 1 : 160, as reported in the paper of Zinsser and Castaneda 
alluded to above (1). We did not have enough of the serum to include the desir- 
able low dilution controls in the present instance. 

Table III shows the results of this experiment. 

It is apparent from Table III that absorption with Mexican Rickeit- 
siae removed, either completely or almost completely, agglutinins 
both for Proteus X-19 and for our Mexican Rickettsia suspensions. 


TABLE III 

Sera Absorbed with Mexican Rickettsiae {Formalinised) 
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Scrum 1, from Boston case on the 12th day of disease. Serum 2, Mexican typhus. 
Serum 3, Mexican tj^phus. Serum 4, European typhus from Poland. 


In past e.xperiments, it has invariably appeared that animals im- 
munized with Proteus X-19 possessed no agglutinating pow^er for 
Rickettsia suspensions. This has been the experience of others and 
repeatedly noted in this laboratory. We have confirmed this obser- 
vation with the Weigl vaccine, as well as witli our own Rickettsia 
suspensions — fresh, formalinized and carbolized. Nevertheless, from 
the e.xperiments described above, it seems reasonable to suppose that 
Mc.xican Rickettsiae contain an antigenic factor common to both 
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Ricl:cllsia and to Proteus X-19. But the failure of detection of 
Rickettsia agglutinins in anti-Pro/cas serum would seem to be opposed 
to sucli a conception. In discussing this matter with Dr. Grinnell, 
Avho has studied the differences in agglutinability between heated and 
unheated Bacillus typhosus, we were led to investigate similar phe- 
nomena with Rickettsiae. The une.xpected results are presented in 
the following e.vpcriment. 

Rickettsia suspensions were prepared by washing the peritoneal cavity of 
X-rayed rats in Uie same way in which this is done in the preparation of typhus 
raccinc. Emulsions were made in saline and in formalinized saline. Both sus- 
pensions were heated at 75°C. for 30 minutes. Unheated material was reserved 
for controls. 


TABLE IV 



It is clear from the experiment shown in Table IV that while heating 
does not produce any change in the non-formalinized suspensions, 
formalinized Rickettsiae become agglutinable, which means that heat- 
ing removes a factor that under ordinary conditions prevents agglu- 
tination in anti-ProfcMs serum. 

The complementary experimeiit shown in Table V indicates that 
the formalin factor is not active in the same way when added to the 
Rickettsiae 24 hours after such suspensions have been made in saline. 
A test with human typhus serum was set up m order to control 
agglutinability by the homologous antibody. 
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We cannot at present explain the mechanism of the formalin 
action except that, as found for pneumococcus by Zinsser and Tamiya 
(3), formalin preserves from deterioration or disintegration some 
delicate antigenic element present in the Rickettsia body upon which 
agglutination in ?m\.\-Proteus serum depends. Heating, it seems 
reasonable to assume, removes a factor which masks the action of the 
serum in a manner analogous to that by whicli the type-specific 


TABLE V 


Scrum dilutions 

1:20 1 

1:40 1 

1:80 

1:160 

1:320 

1:640 

Mexi c an i? icitf //iiac 
formalinized 24 hrs. 
after washings in 
saline 

Anii-Protcus scrum 

— 





— 



m 

Unheated 

Anti-Pr(?/c»5 scrum 

— 

— 

— 

— 


H 

Pleated 

Human typhus serum 


1 


3 


1 

Unheated 

Human t>T)hus serum 


1 


2 


1 

Heated 

1 


TABLE VI 

Absorption of Aiiti-Protcus Scnnn by Mexican Rickettsiae (Fonnalinized, Unheated) 
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carbohydrate factor masks species-specific agglutination in the pneu- 
mococcus group. 

Since wc had thus succeeded in obtaining agglutination of formalin- 
ized and heated Rickettsia suspensions in ^.ni\-Protcus scrum, we pro- 
ceeded next to study the absorption of such scrum with Rickettsiae. 
We found that, although only the treated Rickettsiae were aggluti- 
nated, the results of absorption were the same whether or not this pro- 
cedure was carried out with normal or with formalinized heated 
organisms. In the experiment shown in Table VI, the absorption was 
carried out with normal Rickettsiae. 

From experiments like the one given in Table VI, it is clear that 
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agglutination, both in European and Mexican, established by Zinsser 
and Castaneda in a preceding communication. 
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THE FORM AMD FUNCTION OF SYNOVIAL CELLS IN 
TISSUE CULTURES 

I. J^IOKPHOLOGY OF THE CELLS UNDER VARYING CONDITIONS 
By ERNST VAUBEL, M.D. 

{From the Hospital of The Rockefeller Listitiile for Medical Research) 

Plates 4 to 6 

(Received for publication, April 24, 1933) 

The following investigations concerning the nature and function of 
the synovial tissue were stimulated by the current diversity and con- 
fusion of opinion on this subject. A study of an extensive literature 
revealed at least two problems requiring elucidation: one, the nature 
of the synovial membrane; the other, the source of the syno\dal fluid. 

Only the essential opinions of the many workers in this field will be briefly re- 
viewed here.^ Tjie older investigators (W^inslow (1), von Kolliker (2) and others) 
regarded the sjnovia as a continuous epithelial membrane that secreted the articu- 
lar fluid. According to Bichat (3) it was most closely related to the serosal mem- 
branes. His (4), especially, objected to considering it as epithelium and contended 
that it was endothelial and formed from the second embryonic layer. From ex- 
tensive investigations Heuter (5) concluded that the s>Tiovial covering was a 
very cellular connective tissue membrane. Schweigger-Seidel (6), Landzert (7), 
Schneidemuhl (8) and their contemporaries clung to the older opinions that it was 
either an epithelial or an endothelial membrane. Heuteris views, nevertheless, 
foimd confirmation in the contributions of Hagen-Tom (9), Braus (10) and es- 
pecially in those of Hammar (11) who, from thorough histologic studies, designated 
the synovial cells as ordinaiy’’ fixed connective tissue elements. Although this 
opinion subsequently attracted many exponents, still it is by no means generally 
accepted. Thus, both Soubbotine (12) and Mayeda (13) believe that the joint 
cavity is covered with genuine glandular epithelium, Aschofl (14) and Kaufmann 
(15), in their text-books, speak of an endothelium; and Lubosch (16) r^rds 
the s>movia as a modified cartilaginous tissue. The diverse opinions concern- 
ing the mode of formation of the synovial fluid are reviewed in the subsequent 
communication (17). 


* A more extensive review of the literature is given in an article b}- Vaubel 
fiber das Sjmovialgewebe, in Virchenvs Arch. path. Anat., in press. 
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From a review of the literature it is obviously difficult, if not im- 
possible, to settle the moot points by means of simple histologic exam- 
inations; hence additional light was sought in tissue cultures from 
which the following questions seemed answ’^erable. 

1. What is the morphologic type of growth of the synovial cells and 
can it be differentiated from that of other cells of mesenchymal origin, 
especially from typical fibroblasts and covering cells of the serosal 
membranes? 

2. Is it possible to detect the formation of mucin in tissue cultures? 

3. What conclusion may be drawn from the results so obtained con- 
cerning the morphology and function of the S 3 movial lining? 

Answers to the first question are presented beloAv, and those to the 
second are given in the subsequent paper (17). 

EXPERIAIENTAL 

As original source of material the synovial tissue of rabbits was employed ; usualty 
that from different areas of the knee joint was selected as follows: the fat pad in 
tlie neighborhood of the patella which is covered with an especially thick la)"er of 
syno^^al cells, the tissue from the upper s^oiovial recess at the side of the quadriceps 
tendon, occasionally a portion of the posterior part of the joint capsule. It was 
relatively easy to separate the s 3 Tiovial membrane from the undertying muscular 
or tendinous tissues, but in explants containing fat it was not possible to eliminate 
entirety tlie fat cells. Generalty four pieces 1 to 2 mm. in diameter were explanted 
into each of a number of so called micro flasks or into Carrel D flasks; but before 
being placed in the flasks tlie tissue was washed for half an hourinT 3 ’'rode’s solution 
in order to remove an 3 ' adhering joint fluid. Often cover-glass preparations were 
also made. The culture medium consisted of heparinized plasma of normal rabbits 
in quantities of 0.5 cc. together with 0.25 cc. of a 10 per cent extract of rabbit’s 
spleen. This extract was prepared b 3 ^ mincing the spleen ver 3 " fine, suspending it 
in nine parts of Tyrode’s solution, centrifuging at high speed and removing the cell- 
free supernatant fluid, which was designated as a 10 per cent extract. 

Following tlie coagulation of the plasma, the contents of some of tlie flasks were 
washed twice, each time with 1 cc. of T 3 Tode’s solution which was allowed to re- 
main on the clot for half an hour, then pipetted off, in order to remove as well as 
possible growth-stimulating substances contained in the splenic extract. Finalty, 
0.25 cc. of rabbit plasma was added, the flasks tightty stoppered and placed in the 
incubator. The same procedure was repeated with all flasks after a period of 4 
to 5 days: the contents of the flasks were washed with Tyrodc’s solution, then fresh 
plasma and splenic extract added (so called patcliing) and into a part of the flasks 
0.25 cc. of plasma \wis again placed following the washing with T 3 Tode’s solution. 
After about 10 days each growth v’as di\ndcd into four or more pieces and trans- 
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planted into new flasks containing medium similar to that described above. These 
transplants were washed, patched and nourished the same as the explants. The 
washing of the cultures had the object of holding the nutritive conditions at a low 
level, for, according to Fischer and Parker (18), the nature and function of the orig- 
inal tissue is better maintained and its tendenc}’- to change into fibroblasts is dimin- 
ished when cells are grown in media of low nutritive value. 

Each day the cultures were examined microscopically and in certain instances 
the changes occurring during definite intervals were recorded by drawings made 
with the aid of a camera lucida. Suitable living and fixed cultures were also 
photographed. 

For histologic preparations the cultures were excised from the plasma clot and 
fixed in formol, Zenker, Zenker-formol or 2 per cent osmic acid; then embedded in 
paraffin, and sections cut therefrom were stained with hematoxj^lin and eosin, Van 
Gieson, eosin and methylene blue, toluidine blue and mucicarmine. For low 
power examination of a complete culture the material in a flask was fixed in formol 
or Zenker and stained with hematox>^lin. 

Altogether the synovial tissue from six rabbits was explan ted, and the number of 
cidtures (explants and transplants) studied amounted to about 400. In addition, 
the following controls grown under the same conditions were employed: fibroblasts 
from the heart, testis, subcutaneous tissue and muscle; serosa from the peritoneum, 
pleura, pericardium and tunica vaginalis. 

Morphologic Findings 

Fibrinolysis and Character of Growth in Liquid Medium, — ^In fresh 
explants the individual tissue elements were naturally difficult to 
recognize, because it was impossible to separate sharply the synovial 
membrane from the underlying structures, and the presence of numer- 
ous fat cells introduced certain optical difficulties. Nevertheless, one 
could recognize here and there at the margins of explants the richly 
cellular structure of the articular lining membrane, projecting beyond 
the zone of the fatty tissue and clearly differentiated from the capsular 
connective tissue because of a much smaller number of fibrillae. Fibro- 
blasts were not recognizable, and capillaries were only rarely seen. 
In so far as they could be distinguished, the cells of the syTio\dal mem- 
brane appeared large, roimd, or polygonal and close together. 

After 4 or 5 hours certain alterations occurred in the plasma coagu- 
lum, especially in zones where the synovial membrane was most easily 
seen. The fine fibrillar meshwork of fibrin became indistinct and 
vanished; these small zones of liquefaction then slowly increased, and 
simultaneously there was an emigration into the plasma of leucoc>i:es, 
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lymphocytes and monocytes, which were easily differentiated from 
the larger cells that appeared later. These smaller cells were few in 
number and did not proliferate to any great extent. 

After 24 hours cellular proliferation was detectable in some of the 
explants; short and plump cytoplasmic processes projected outwards 
into the liquefied plasma, and somewhat longer processes extended 
into the solid clot. The outwandering of these cells was somewhat 
difiicult to follow during the first 3 days after explantation. The 
larger cell bodies quickly followed the cellular processes into the area of 
fibrinolysis, most of them separated themselves from the original piece, 
became rounded and dropped into the fluid zone and subsequently be- 
came attached to its walls. Cells constantly proliferating from the 
e.xplant passed into the fluid until the liquefied area often appeared 
covered with cells. Thence they passed into the meshwork of the clot, 
often as round forms which showed a capacity for extensive migration; 
for after 4 or 5 days they were not infrequently seen at least 1 cm. from 
the explant. These emigrated cells would then multiply and give rise 
to new islets of growth. 

In the fibrinolytic zones the cells often formed a network by sending 
out processes which joined with those of their neighbors. Cells 
round in the beginning became spindle-shaped by forming two or more 
processes; after a time they broadened and showed a sharp nucleus out- 
lined against a heavily granular cytoplasm. Additional cytoplasmic 
projections appeared, giving the cells a star shape, and joined with cells 
l5’ing in the coagulated plasma. In places where the liquefaction in- 
volved the entire thickness of the medium the emigration of cells was 
more e.xtensive (Fig. 4) ; here an extension of one or two short processes 
was followed by a larger elongated cell body with sharply outlined 
nucleus. The young cell remained joined to the e.xplant for a time, 
then detached itself and moved away. New cells pressed out and ar- 
ranged themselves close to one another in round or polygonal shapes, 
thus forming a mosaic that covered the bottom of the cavity in the 
clot. The cells apparently multiplied readily and often remained con- 
nected with one another by means of filiform projections. Singly or 
in groups they migrated with an ameboid motion and a constantly 
clianging outline. New cellular islands arose forming areas of organi- 
zation, with epithelioid cells at their centers, elongated cells at their 



ERNST VAUBEL 


67 


margins, and with cytoplasmic bridges uniting the different elements. 
Thus, cells by sinking to the bottom of the liquefied zones, then pro- 
liferating and joining with others, often formed a membranous tissue 
that early contained a few defects; *but when these were closed the 
appearance was that of an epithelioid structure (Figs. 10, 12, 13). A 
hole in the plasma occasionally decreased in size or disappeared 
entirely; this was apparently induced by a shortening of the cellular 
processes which pulled the cells together, and consequently closed the 
cavity. Cells from the liquefied zone sometimes joined OTth those in 
the solid medium in the form of strings of pearls (Fig. 14). With a 
decrease in the size of the cavities the cells became more crowded and 
formed two or more layers until finally after 7 or 8 days the defect was 
often entirely closed by a dense meshwork of cells intimately united 
by numerous intercellular bridges. 

Such a healing of defects was not always the rule; at times the entire 
plasma coagulum became liquefied by a gradual increase in the several 
zones of fibrinolysis until the explant became merely an island of tissue 
either attached to the wall of the liquefied zone or free in the fluid. 
Under these circumstances the cells lining the cavity in the clot became 
stretched and formed a narrow concentric meshwork at its periphery. 
The lengthening cellular prolongations seemed to be under tension 
and stretched by a constant enlargement of the hole, for occasionally 
it was possible to observe a sudden breaking and retraction of these 
intercellular bridges, much as though an overstretched rubber band 
had been broken (Figs. 3 and 8). Groups of cells thus detached as- 
sumed an epithelioid appearance and became new centers of organiza- 
tion for growths. Generally, however, with a constantly increasing 
fibrinolysis, the number of cells decreased and the bits of newly formed 
tissue became smaller. If, on the other hand, the culture was patched 
by adding new plasma and splenic extract, new life seemed to be im- 
parted to the cells, which started to multiply both in the original 
explant and in the islets. In a short time an extensive growth resulted 
which, not infrequently, again induced lysis of the patching clot. 

When a thin layer of fibrin remained in the bottom of a ca^nty in 
the clot and next to the glass wall of the flask, the growth from the 
edge of the explant was much more intense. The emigrating cells 
were not so flat, but remained spindle-shaped with one or two short 



68 


SYNOVIAL CELLS IN TISSUE CULTURES. I 


projections directed in the line of growth and with a long basal thread. 
The course was similar to that previously described; by rapid division 
the cells became closely laj’^ered, like epithelium, but with many cyto- 
plasmic bridges. Again due to continued fibrinolysis, the cellular 
masses would be drawn together and assume the appearance of an 
epithelial-like synovial membrane. Sometimes the elongated cells 
were forced apart and became rounded, isolated cells that either sank 
to the bottom of the fluid or attached themselves to the walls of the 
liquefied zone. If there occurred complete liquefaction of the thin 
fibrinous scaffold supporting an extensive growth of new cells the inter- 
cellular bridges became overstretched and broken, and the new growth 
was either pulled towards the old explant or formed new centers at 
the periphery of the zone of fibrinolysis. 

About synovial villi striking phenomena occurred : fibrinolysis was 
marked and there was early emigration of large round cells (Fig. 3). 
Following the formation of many filiform cytoplasmic processes into 
the edge of the liquefied plasma, the original synovial cells appeared to 
wander into the area of new growth with a gradual thinning of the 
explanted tissue. The fatty cells in the middle of the villus moved out, 
and subsequently remained unaltered. After a week the defect in the 
plasma was organized and the structure of the villus was no longer 
recognizable. 

The marked solution of Uie plasma clot above noted is doubtless comparable witli 
tliat described in cultures of intestinal epithelium (Fischer (19)), of mesothelium 
(Herzog and Schopper (20) and our own observation), and in pancreatic tissue 
(Kapel (21)). It is probably to be sharply differentiated from that observed in 
tissue cultures of dying cells and of certain tumors. A normally growing culture of 
fibroblasts has the capacity of dissolv'ing fibrin, but onlj* to a slight degree. Re- 
cently Chlopin (22) noted that the gradual digestion of tlie fibrin in the midst of 
the zone of proliferating cells corresponded with the extent of tlieir growth. With 
suitable staining he usually found no residue of the fibrin in the thick areas of 
growth of young cells; hence he concluded that the cells not only invaded the fibrin 
scaffold, but gradually dissolved it. I have repeatedly observ’ed that this tendency 
is especially marked when tlie culture has too little nourishment. Cultures of 
fibroblasts grown in plasma clots which had been deprived of much of their nutritive 
pro|)crtic5 by washing, gradually digested the fibrin, so that eventually one or 
more little cavities appeared. That death of the tissue, however, was not responsi- 
ble for the fibrinolysis was made evident bi’ the fact that patching of these cultures 
with fresh plasma and extract was followed by a renewed growtli witliout new cav- 
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ity formation. One must, indeed, differentiate the fibrinolysis arising from d3dng 
and degenerating cells. Fischer (19) showed that this condition could be carried 
over to healthy cultures hy treating them 'adth Berkefeld filtrates of the fluid from 
degenerating cultures; probably the enzjTnes were set free from the dying cells 
and were not living agents. It is a matter for discussion hovr far the proteoljdic 
ferments derived from cultures of tumor cells are dependent upon death of cells 
and how much upon a virus-like living agent; as for example, in the l^'tic substances 
derived from a Rous sarcoma. 

It seems possible to differentiate at least three different factors leading to fibrin- 
oRsis: (1) a ph>"siological ferment excreted by the cells and also detectable in the 
body; (2) newl>' developed ferments arising from peculiar conditions in the tissue 
cultures; (3) ferments liberated by death of cells. Fibrinol3’sis from tumor cells 
ma3’’ occup3^ still another category. One cannot state definitely whether these dif- 
ferent ferments are identical chemicall3’' and ph3"siologically. The occurrence of 
zones of clearing in cultures of S3Tiovial cells is probably attributable to normally 
occurring ferments, which are also demonstrable as a part of the ph3’’siological 
functions of the synovial fluid. 

Growth in Plasma Coagulum 

The growi:h of synovial cells in liquefied medium has been presented 
first because it seems to have special significance in the elucidation of 
certain conditions in the joints. Fibrinolysis was most marked where 
explanted synovial cells were most numerous. This tyq^e of growth 
was by no means the general rule; it occurred most readily when small 
amounts of tissue extract were present in the medium. Solution of the 
fibrin was less marked near portions of explants containing fewer syn- 
ovial cells, and the emigration and tyqje of growth was somewhat differ- 
ent. Instead of the early round forms previously described, there ap- 
peared more spindle- or tulip-shaped cells in the solid plasma. The 
plump cell bodies usually showed two long cell processes; in many cases 
the long basal cytoplasmic thread formed a bond of union with the 
next cell, hence they resembled a tulip in contour. At times these 
migrating cells separated themselves from the explant by a breaking of 
the protoplasmic bridges, and thus they existed free in the surrounding 
medium. The long axes of these cells were not as a rule arranged 
radially but were often parallel to the edge of the growth. 

After 48 hours one could see a spongework of cells, mostly isolated 
but regularly arranged about the explant, and joined by cyrtoplasmic 
bridges. The transitional character of the cell outlines W’as most strik- 
ing; those lying near one another appeared to alter their shapes; proc- 
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esses were extended and withdrawn; a cell would broaden in one place 
and apparently flow into the surrounding medium \vith a resulting 
indistinctness of the cellular outline. 

After about 72 hours there was a loose network of cells often without 
any clear arrangement of its component parts. Filiform cellular proc- 
esses were often astonishingly long, and extended from cell to cell 
(Figs. 5, 6, 11). Such intercellular bridges were frequently the result 
of an incomplete division of the cytoplasm when the cells divided; but 
instances were observed where they were formed secondarily. That 
we were dealing here with a genuine syncytial union of cells is shown by 
the fact that there was a free movement of granules from one cell to 
another. The existence of true cellular anastomosis has been denied 
by Lewis (23), who regarded the syncytial junctions as simple adhe- 
sions. Kredel (24) and de Garis (25) assumed the same attitude be- 
cause they could detect no transfer of granules among neighboring 
cells. Laser (26), Levi (27) and Fischer (19), on the other hand, 
described a distinct migration of dyestuff, mitochondria and granules 
from one cell to another. The fact that intercellular processes arise 
and withdraw is no ground for regarding them as simple non-communi- 
cating structures. 

The primary intercellular bands appeared often to result from ami- 
totic cell division, a condition repeatedly observed. Portions of the 
nucleus were pinched off without any essential alteration in the struc- 
ture of the chromatin; and the cellular outline was not necessarily 
affected. Two, and occasionally three, nuclei were sometimes found 
in a single cell; then after a time the cell would become elongated, the 
two nuclei would separate, one would wander into a cellular prolonga- 
tion that simultaneously became swollen as a result of a flowing into 
it of cytoplasm. The resulting club-shaped portion of the cell ad- 
vanced still further, the union with the other cell half became smaller 
and on the fore end of the new cell appeared one or two new cellular 
projections. This process could be repeated sev’^eral times without 
breaking of the cellular unions (Fig. 9). Thus rows of cells appeared, 
sometimes branched, that extended far out into the medium because of 
their rapid division; often they also retained their tulip form. 

'I'he question of amitotic cellular and nuclear division is still much 
discussed. Kreibisch (28) described direct division in cultures of cpi- 
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thelium; Holmes (29) and Lewis and Webster (30) saw nuclear amitosis 
without subsequent cellular division. Schopper (31) objected to an 
unreserved description of amitosis on the ground of the difficulty of 




Text-Fig. 1. Camera ludda drawings of a dividing sjmovial cell during a period 
of 3 h hours. Time drawings were made indicated by the figures. 

obtaining a clear picture in multiple layers of cells. In a recent com- 
munication Parker (32) clearly described numerous amitotic divisions 
during the transformation of fibroblasts into macrophages. I can 
fully confirm his observations in the division of sjmovial cells. 
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In order to record accurate^ this process camera lucida drawings were made, that 
show the formation of new cells from a mother cell in the interval of 3^ hours (Text- 
fig. 1). The first drawing (4.05) represents the beginning of a budding; a picture of 
tlie original typically outlined cell was not available. At first a roimd cell with a 
clearly discernible membrane separated itself, and retained during the entire obser- 
vation period its so called macrophage form. Then (5.05) there arose in anotlier 
place a second cell body that soon broadened out and lay near the mother cell. In 
the last drawing (7.30) there is a small body that apparently arose from a “plas- 
marest,” and, in so far as could be determined, had no union witli any cell. In 
spite of the fact that detailed nuclear division could not be observed, the new forma- 
tion of cells can only be explained b}”^ amitosis. 

Mitotic cellular division, on the other hand, was more frequently observed, and 
was especially clearly seen in stained preparations. The cells appeared in general 
to be rounded, were highly refractive and showed indistinct nuclei. Cellular di- 
vision occupied a relatival}' short time; and the daughter cells assumed the typical 
form. 

After 4 or 5 days a thick network of cells had formed in which the 
individual elements were united by syncytial communications. At 
the border of the growth, however, there were many isolated cells of 
the same t}’pe in whicli ameboid alterations in shape and movement 
were easily seen. Many of tliese cells advanced further into the 
plasma, built a brandling network and thus formed an irregular border 
to the growth. 

The foregoing description refers to tlie growth in the midst of the 
plasma clots. On the surface of the medium and next to the glass 
wall of the flasks certain differences were seen. In sudi places there 
was a marked tendency to membrane formation very similar to that 
described in fibrinolytic cavities in the medium. The cells on the sur- 
face of the medium were flattened and hence the nucleus and coarse 
granular structure of the cytoplasm were more visible. The appear- 
ance of the growths was essentially the same as that already pictured. 
“Tulip cells” with one basal and two advancing cell processes were 
numerous. Individual cells or groups bound together were often seen 
distinct from the main growth; these formed new centers which grew, 
fused with one another and eventually formed a large membrane. 

The three half schematic drawings of a single area of growth made 
with the help of a camera lucida give a good idea of the development of 
such a membrane (sec Figs. lS-20). They show the development of a 
second subculture of apparently pure growth of synovial cells. 
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Only the growth next to the glass was drami, while that in the midst of the me- 
dium was disregarded. Fig. 18 shows the growth about 72 hours after transplanta- 
tion. Individual cells were parallel to one another; some were connected by fili- 
form cjdoplasmic processes often stretched over considerable distance. Some cells 
w’ere seen in different stages of amitosis. A roxmded cell in amitotic division is 
indicated at x. The picture resembled somewhat a so called t}T)ical fibroblastic 
growth, but the cells were larger, more plastic, and had coarser granulation. Sub- 
sequent growth showed greater differences. 1 day later (Fig. 19) the cellular proc- 
esses were distinctly more numerous, the cells more contracted and star-shaped; 
the intercellular bands were sometimes formed secondarily by junction of processes 
from neighboring cells and sometimes primarily by persistence of cj^toplasmic 
bridges formed at the time of the cellular division. Elsewhere in the plasma clot 
numerous cavities had appeared. 

Fig. 20 was drawn from the culture 5 days after transplantation; but on the 
previous day it had been washed and nourished with fresh plasma. This imparted 
a renewed growth impulse. The holes were now smaller and the number of inter- 
cellular bands greater so that one could correctly speak of a sjmcj'^tial membrane 
that in places showed an epithelial character. The arrangement of the cells was 
irregular throughout and the size of the single elements varied greatly. The inter- 
cellular processes were often extremely thin and delicate, yet sharply delimited. 
Many of the cells were united by numerous cj’^toplasmic bridges, often parallel to 
one another. The picture reminded one of bits of semifluid gum pulled apart. The 
cell membrane thus formed could thicken and form a mosaic as pictured in Figs. 12 
and 13. 

Mixed a7id Pwe Ctdhires; Transjormation to Fibroblast Types 

It seems necessary to discuss briefly the other cell types present in 
the original explants; fibroblasts, endothelial cells and fat cells. The 
fat cells underwent neither proliferation nor other essential change. 

The development of fibroblasts and vascular endothelial cells was 
apparently much influenced by the number of syno\dal cells and their 
mode of growth. There was evidently an inverse ratio in the extent of 
the growth of synovial cells and fibroblasts. With vigorous growth of 
the synovial cells the endothelial and fibroblastic growth was scanty, 
and where the latter predominated in the same culture synovial ceUs 
were often absent. This naturally depended somewhat upon the dis- 
tribution of the different cell types in the original explant; for fibro- 
blasts seemed to be inhibited by synovial cells on accoimt of the fibrino- 
lytic ferments elaborated by them. Synovial cells, moreover, grew 
out of the explants many hours ahead of the fibroblasts and endothelial 
cells and thus had a chance to exert their inhibitory influence. 
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Mixed cultures were seen containing festoons of synovial cells, some 
isolated and some in a meshwork, arranged around a center of fibro- 
blasts and endothelial cells. The larger ameboid synovial cells vitli 
large nuclei and coarse highly refractive granules appeared exceedingly 
plastic, with their long axes pointing in all directions. The fibroblasts 
were arranged radially, were close together, spindle- or needle-shaped, 
and showed a fine granulation. The nuclei were oval and not so 
sharply delimited. On the surface of the medium their shapes were 
more irregular, due to the more numerous cellular processes; but tulip 
forms, so characteristic of synovial cells, were seldom seen. 

Vascular endothelial cells grew t 3 ^ically from the first as membranes 
or tongues of relatively transparent cells "with regularly arranged ele- 
ments forming distinct designs. 

Upon further growth the mixed character of the culture sometimes 
persisted; again one or another cell t 3 rpe was suppressed. Often the 
advantages of the synovial cells over the other cell types were appar- 
ently lost, especially when fibrinolysis was marked. In general, how- 
ever, the rapid, predominating growth of the synovial cells made it 
relatively easy to obtain them in pure cultures. Especially favorable 
for the purpose were those areas showing a moderate sized zone of 
liquefaction. After 10 days, growth was sufficiently thick and broad 
to permit one to e.xcise pieces containing none of the original explant. 
Thus, it was possible by proper selection and transplantation every 10 
days, to obtain a typical growth of synovial cells practically free from 
any other cell types, especially if the nutritive conditions were main- 
tained at a relatively low level and the rate of growth thereby some- 
what suppressed. 

Later, however, it was often not possible to prevent a transformation 
into a growth having a fibroblastic character. The cells became small 
and spindle-shaped with numerous long, sharp, fine processes, and 
contained smaller and less clearly demarked nuclei. The typical 
coarse and highly refractive granules of the synovial cells became 
smaller and less distinct, and were no longer seen in the next trans- 
plant. Zones of fibrinolysis no longer appeared. From such a trans- 
formed culture it was only rarely possible to revive the synovial tj'pc of 
cells in subsequent subcultures. Generally when a fibroblastic charac- 
ter appeared it remained even though the method of Fischer and Parker 
(18) was applied in an attempt to induce a reversion. 
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Some of the cultures, nevertheless, retained the typical s>movial 
cell characteristics even after the sixth transplantation, i,e. over 60 
days; others changed their type after a few passages. They assumed 
all the characteristics of fibroblasts, or the rate of growth lagged some- 
what, and cell division became less frequent. The indhddual cells 
enlarged markedly, contained one or more nuclei and threw out numer- 
ous cell processes (Figs. 11, 16). Coarse granulation was marked in 
some cells, while in others it was absent. A tendency to fibrinolysis 
remained in these cultures. Such forms could remain stable in the 
next passage, and tended to recur when the number of cells in the 
transplant was small or the transplant minute. Cultures having this 
cell form showed a marked tendency to fatty degeneration. 

One cannot state definitely all the conditions responsible for the 
tendency of the cells to undergo transformation in type; the nutri- 
tional conditions doubtless played a major role, for with ovemourish- 
ment s}movial cells seemed specially liable to change into fibroblasts. 
With undernourishment, induced by long washing of the cultures and 
failing to add either plasma or splenic extract, the cells remained dis- 
tinctly smaller, quickly showed signs of degeneration and could not be 
distinguished from fibroblasts growm under the same poor conditions. 

It would lead too far afield to undertake an extensive discussion of the differentia- 
tion and dedifferentiation of tissue in cultures. According to recent opinions (Fischer 
and Parker ( 18 )) it is impossible to identify the origin of different tissues from the 
morpholog>" of cells alone. Apparently all cells of mesencbjunal origin possess the 
capacity of reverting to a certain tj^ie currently designated as fibroblastic. This 
occurrence under conditions usually existing in ordinary’ tissue cultures has given rise 
to the idea that aU mesenchymal tissues easily" become transformed in the cultures to 
fibroblasts with a loss of the special functions they have in the intact and healthy 
body. That this transformation is dependent upon peculiar cultural conditions is 
evident from the work of Fischer and Parker, who, wdth suitable methods, could 
induce the production of cartilaginous ground substance and characteristic cell 
forms in cultures of chondroblasts. With a similar technique it w^as possible to 
determine the physiological differences between connective tissue stocks of varyung 
origin. It is probable that with the development of suitable methods it will be 
possible to supply each with proper cultural conditions so that it will develop and 
retain its chief physiologic function. 

Roimd Cell Formalion 

Noteworthy are some further observations ha\nng to do with the 
occurrence of many smaller round cells, for it was possible to follow 
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their development in both explants and transplants. They appeared 
to arise exclusively from long cells resembling fibroblasts in media con- 
taining either large amounts of splenic extracts or in tliose composed 
almost entirely of plasma. 

In certain cultures there appeared about the 3rd or 4th day a number 
of smaller and markedly ameboid round cells, which wandered far out 
into the medium. Their (derivation from the synovial cells was easily 
followed. A round bud-like swelling appeared in the region of a thin cell 
prolongation, and after a time separated itself from the mother cell as a 
small round element, containing a nucleus decidedly smaller than that 
of the original cell, as was best demonstrated in stained specimens 
(Fig. 17). These small cells arose from amitotic division of the nucleus 
of the mother cells, whicli were then pinclied off with a small amount of 
cytoplasm, while the original cell retained its form and often underwent 
a similar second division; but occasionally it became rounded and 
wandered through the medium. The budding sometimes occurred so 
rapidly that the cytoplasmic bridges were not ruptured when the next 
cell was formed, and thus there appeared a picture like a string of 
pearls (Fig. 14). 

These small round cells divided repeatedly, apparently by mitosis; 
but occasionally amitotic cell division was observed. Because of tlie 
rapid di\dsion round cells of all sizes appeared, some so small that it 
was difficult to detect any cytoplasm even in stained preparations. In 
the course of a few hours or a day these cells increased in size, broad- 
ened out and soon showed a marked granulation of the cytoplasm. B 3 '’ 
further division they formed little groups of cells, often assuming a 
spindle shape and joined by intercellular processes. After 1 or 2 days 
new islets of tissue were thus formed that could not be distinguished 
from the original cither in cell type or growth type. 

One might compare these round cells with the macrophages, which 
according to some authors, arise from fibroblasts. Their manner of 
derivation corresponds in principle to the conditions frequently ob- 
served by me in amitotic cell division, yet licrc tliere occurred an 
unusually rapid and stormy course of events. Thus, because the orig- 
inal cell was unable to attain its normal size after division, the daughter 
cell contained only a small nucleus and little cytoplasm; hence it was 
decidedly smaller than tlie mother cell. No cause could be found for 
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this interesting phenomenon, but it is noteworthy that only rarely did 
all of the cultures in the same flask give rise to it simultaneously. 

The developinent of fibroblasts from macrophages has been often described 
(Carrel and Ebeling (33), Fischer (34), ^Maximow (35), Bloom (36), Chlopin (37) 
and others). The reverse condition has been much discussed, and by some denied 
on theoretical grounds. Carrel and Ebeling have observ^ed such a transformation 
at least twice; likewise Fischer (38), Fischer and Laser (39), Ephrussi and Hugues 
(40), W. and IsL von Molicndorff (41), Schopper (42), Bomer and Herzog (43), 
and Herzog and Schopper (20); while Tannenberg (44) denies the formation of 
macrophages from fibroblasts and contends that these forms are merely degener- 
ated fibroblasts. Especially interesting in this connection are the observations 
of Parker (32), who by a simple alteration in the nutritive state of the medium and 
without the introduction of any toxic substances, was able to bring about a trans- 
formation of connective tissue elements into macrophages. 

From repeated observations like those recorded above I could deter- 
mine that at least a large part of the macrophage-like cells originated 
from fibroblast-like synovial cells by amitotic di\rision; and that these 
cells could further divide by both amitotic and mitotic cell division. 
The von MoUendorfi's describe amitosis, and believe it may be ex- 
pected especially frequently in macrophages. Parker, in discussing 
amitosis, says that there is no ground for doubting its occurrence or 
for resorting to the simple theory of cellular degeneration to explain 
the origin of the rotmd macrophages. 

Noteworthy also was the formation of new islets of growTh by round 
macrophage-like cells w^hich had separated from the original piece and 
wandered out into the medium. These islets often gave rise to new 
tissues large enough to be easily seen macroscopically ; they were some- 
times at least 1 cm. from the original piece, without any detectable 
intercellular bridges connecting the two. Hence I am inclined to qual- 
ify the statement of Schopper and Fischer that it is impossible for an 
isolated cell or for a small group of cells to multiply in cultures under 
these conditions. In the events here described the isolated cells had 
not been brought into fresh medium. They were probably not gen- 
uine newiy formed macrophages, as in S chopper’s experiments, but 
were specially active rounded forms of syno\nal cells, that were possibly 
able to induce certain peculiar changes in the medium because of their 
elaboration of a fibrinolytic ferment. 



78 


SYNOVIAL CELLS IN TISSUE CULTURES. I 


Stained Sections and Fresh Preparations, Granulations and Supravital 

Staining 

The findings with stained sections corresponded in general wth those 
made on living cultures; hence only the additional points brought out 
by staining are presented. Of the different fixatives employed 2 per 
cent osmic acid was the best, for although formol and Zenker fixation 
gave useful pictures the cellular structures and granulation were not 
nearly so well preserved. For examination of fresh material the 
synovial membranes or the cultures excised from the plasma were care- 
fully spread out on a slide, moistened with Tyrode’s solution and 
covered with a cover-glass, the edges of which were sealed with vase- 
line; then an oil inunersion lens could be employed for observations. 

The structural correspondence of the synovial membrane with that 
seen in the tissue cultures was often striking, not only in fresh unfixed 
preparations but also in stained sections. In sections of the cultures all 
of the above described types and arrangements of cells were found. 
\Vhere fibrinolysis had occurred there was often a membrane composed 
of one or more layers of typical cells, having cellular processes which 
at times were seen only in the stained specimens; branclied or rounded 
cells, isolated or in groups, were also present. So called “capsulated 
cells” were sometimes seen, tliat is cells surrounded by clear zones; but 
it is doubtful whether we were dealing with a true capsule as in the case 
of chondroblasts. Probably the appearance was due to a liquefaction 
of the plasma, induced by a fibrinolytic ferment, or it may have fol- 
lowed a simple retraction of the cells from the medium as a result of 
the fixation; on the other hand, similar pictures were not seen in the 
controls composed of other tissues. 

Especially noteworthy and peculiar to the synovial preparations 
was the heavy granulation of the cells. In fresh tissues almost all of 
them contained coarse granules extending out into the cellular proc- 
esses (Figs. 2, 5, 6). These granules varied in number and size in 
different cells, and some cells showed only fine dust-like granulations. 
The cytoplasm had a reticulated structure. The nuclei were well 
formed and usually not covered with granules; and near them fine 
centrospheres were sometimes seen. In this respect cultures and vital 
preparations corresponded, as they did in the appearance of granules. 
The latter appeared to increase in size and number with the age of the 
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culture, and apparently larger globules were produced by a fusion of 
smaller ones. Osmic acid fixation demonstrated that most of the 
granules were not due to fatty degeneration of the cytoplasm, even 
though some sjmovial cells, and especially those near fatty tissue in the 
explant, contained black fatty droplets.- 

All the cells contained, in addition, numerous colorless granules ex- 
ceeding in size and number the fatty globules and not demonstrable in 
Zenker- or formol-fixed sections stained 'sv’ith hematoxylin. 

In applying the mucin-staining toluidine blue, according to the 
method devised by Metzner (45) and used by Mayeda (13) and Kling 
(46), it was found impossible to stain regularly the granules in ail of the 
cells in any one preparation. Occasionally, however, in both explants 
and transplants, the newly grown cells showed many greenish blue to 
bluish granules, often with a distinct reddish metachromatic tinge. 
According to Groebbels (47), the bluish granules consist of premudn 
and the reddish ones of mucin. Often, however, there were imstained 
granules in the same cells. No staining was obtained with mucicar- 
mine and muchematein. 

Supravital staining with neutral red jdelded especially interesting 
results. Both cultures and fresh tissue were treated similarly; znz., 
mounted on a slide previously coated with a layer of the dye (Sabin 
(48)). Some cultures were stained by filling the culture-containing 
flask with a 1 to 5,000 solution of the dye in Tyrode^s solution. The 
flasks were then stoppered and observed directly imder the microscope 
or were allowed to stand a certain time after which the cultures were 
removed and mounted on slides. Occasionally the knee joint of a 
moribund rabbit was filled with a solution of the dye; 30 minutes later, 
following the death of the animal, the synovia was excised, mounted on 
slides and examined. Joints thus treated were distinctly red, espe- 
cially in those places containing the most synovial cells. 

Quickly taking up the dye, many of the cells of the articular mem- 
brane and many of those in the tissue cultures soon appeared to be 
laden with red globular granules. Nucleus and cell c3d:oplasm re- 
mained colorless for about 2 hours when cell death ensued. Roxmded 
ameboid cells with red granules and colorless c3rtoplasm could hardly 

- Such a tendency for the s>Tiovial cells to take up fat is discussed by Lubosch 

( 16 ). 
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be distinguished from clasmatocytes. Both the nucleus and cyt 
plasm of degenerating or dead cells immediately stained diffusely re 
Some cells were seen with only a portion of the granules stained, ai 
occasionally none took up the dye. While ultimately both fre: 
synovia and cultures stained similarly, the dye penetrated into tl 
latter more slowly because of the thick surrounding plasma. Tl 
synovial membranes of rats, guinea pigs and monkeys, vitally stainc 
in the same manner, took the dye as did that of the rabbits. 

Nagel (49) and Chlopin (22), in contradistinction to Lewis (50) and von Mollei 
dorff, think that tlie mechanism of supravital absorption of basic dj-^es is dependej 
not only upon a staining of lifeless cell inclusions, but is also due to an active phys 
ological process closely related to secretion. Notewortli}’- is tlie statement of Fi 
chel (51) concerning tlie Le3'dig cells in the cutaneous epithelium of salamandi 
larvae that stain intenselj' witli all vital dj^es. According to this author, one dea 
here with mucin granules avid for the dj'e. Possibly tlie neutral red-absorbin 
qualities of tlie sjmovial cells is due to a similar content of mucinoid fraction; 
However, because of tlie failure of these intracellular granules to stain with muc 
carmine or muchematein, and also because epitlielial mucin-forming cells do nc 
stain with neutral red i« vivo (Bensle}' (52)), one cannot state definitely that tli 
mucin elaborated b}’ the synovial cells is present in them in the form of granules c 
globules. 


Conlrols 

While it is superfluous to describe fully the results with control cul 
tures, consisting of fibroblasts and serosal cells arising from variou: 
sources, because these have been fully considered in the literature 
still certain differences from syno\’ial cell cultures are deemed note 
worthy. Serosal cells grown from the various body cavities wen 
essentially the same, wth some individual differences not to be dis 
cussed now. Serosal cells, in contradistinction to synovial cells, grew 
in close apposition one with the other, thus forming continuous mem- 
branes that advanced from the edge of the e.xplant into the medium 
Early the single cells were somewhat irregular in outline, but the} 
quickly assumed an epithelioid appearance; several united and formed 
fingers which extended outwards and laterally; the sides of the fingers 
often fused in places and formed sheets enclosing clear cell-free zones. 
Such an outcome was most frequent with cultures derived from the 
omentum. Apparently the spaces in the membranes arose in this 


ERNST VATJBEL 


81 


manner rather than from a lysis of cells. Such defects in the growths 
showed a great similarity to spaces in the omentum often mentioned in 
the literature (Maximow (35), Schopper (20)). 

At the borders of the growths one found often large isolated cells hav- 
ing an ameboid motion; these apparently coidd separate themselves 
from the growth and later reattach themselves to it. C)i;oplasmic 
processes were only visible at the edge of the growth, and were not 
seen in the midst of the membrane. Because in rate of growth the 
serosal cells outdistanced the fibroblasts it was fairly easy to obtain 
pure cultures of transplants by excising the proper areas from the 
explants; these retained the characters described above. 

Occasionally zones of liquefaction appeared early at the edge of the 
explants of serosal cells as they did in the syno\nal cultures, but such 
areas were always smaller. The serosal cells could also separate 
themselves from the membrane, become rounded and migrate through 
the liquefied plasma and attach themselves to the borders of the cavi- 
ties. They soon advanced into the solid plasma with an ameboid mo- 
tion, and, either by division or by aggregating with other cells, formed 
islands from which new membranes of mosaic-like cells were fashioned. 
Secondary areas of fibrinolysis were not seen in explants or transplants. 
Except for variations arising from a different technique, these results 
agree with Schopper’s description of serosal cells (42). Neither the 
blue nor red metachromatic staining of mucin granules was obtained 
either in serosal cells or fibroblasts stained with toluidine blue. The 
granules were always smaller than those of synovial cells. Similar 
differences in size were also obtained with supravital staining with 
neutral red; the granules were smaller and often absent from the sero- 
sal cells. 


StJSDIARY 

A detailed description is given of the various forms assumed by syno- 
vial cells in tissue cultures under vaiying conditions. A discussion of 
correlation between different morphologic appearances and certain 
functions of the cells is deferred until the end of the next paper (17), 

(References to both papers are given at the end of the second 
paper (page 94).) 



82 


SYNO\aA.L CELLS IN TISSUE CULTURES. I 


EXPLANATION OF PLATES 

Figs. 1 to 11 and 14 to 16 are photographs of living cultures. Figs. 12, 13 and 
17 are of fixed and stained cultures. Figs. 18, 19 and 20 are drawings made witli 
the aid of a camera lucida; they were all from the same area of culture observed for 
several days. 


Plate 4 

Fig. 1. 72 hour explant. Formation of zone of liquefaction; dropping off of 
round cell forms into tlie fluid; filiform protoplasmal bridge; unusual number of 
round and spindle-shaped sjmovial cells are advancing into tlie plasma coagulum; 
many isolated cells. Xl70. 

Fig. 2. 72 hour explant. Detail from Fig. 1. Emigration of rounded synovial 
cells into the fluid zone. C 3 ''toplasmic granulations clearty seen, X420. 

Fig. 3. 72 hour e.xplant. Liquefaction zone in the neighborhood of a small artic- 
ular xnllus. Note flattened cells on border of tins zone. X 125. 

Fig. 4. 72 hour explant. Beginning organization of cells in the bottom of a 
zone of liquefaction, Xl25. 

Fig. 5. 72 hour explant. Growth zone in solid coagulum, round and spindle 
forms; large round forms especially notable near tlie explant. X 170. 

Fig. 6. 72 hour explant. Detail from Fig. 5 showing cytoplasmic granulation. 
X420. 

Fig. 7. 72 hour explant. Secondary fibrinolysis. Triangular and stellate cells 
in liquid (out of focus). Xl25. 


Plate S 

Fig. 8. 72 hour explant. Zone of liquefaction with numerous round cell forms; 
thin intercellular bridges formed of filiform cellular processes; tliese are growing out 
from the original piece. X125, 

Fig. 9. 72 hour cxplant. Growth zone of the same culture as Fig. 8. A few 
round forms in the periphery' with transition into spindle-shaped cells; multi- 
nuclcar cells with numerous processes and intercellular filaments. X 125. 

Fig. 10. Explant 6 days old, not renourished. Edge of the growtli zone showing 
cells Ycr>' large and hca\nly granulated, in places arranged like epithelium; small 
areas of beginning fibrinoh^sis. X 125. 

Fig. 11 . 12 day old second transplant. Culture washed three times and nour- 
islicd with plasma once; ver}’ large cell forms witli numerous long cytoplasmic 
processes. X160. 

Fig. 12. 120 hour growth of a second transplant; washed with Tyrode’s solution 
after 72 hours; formol fixation, stained with methylene blue; epithelial-like mem- 
brane at the bottom of a fluid zone. X 1 1 5. 

Fig. 13. Detail from Fig. 12. X335. 
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Plate 6 

Fig. 14. 96 hour second transplant. Fibrinol}^is in a ver>’’ cellular area, epi- 
thelial-13ie arrangement of cells l>’ing close together; cell bridges connecting this 
area with the periphery. X 125. 

Fig. 15. 96 hour second transplant. Thin c>i:oplasraic processes stretched 
across a zone of fibrinolj^is. X 1 25, 

Fig. 16. The same culture as Fig. 11. Border of a zone of liquefaction. A 
group of round cells in the liquid; beginning of broadening and formation of cellular 
processes. X160. 

Fig. 17. 72 hour first transplant. Cover-glass culture. Fonnol fixation; 
stained with hematoxj^lin. Formation of small macrophage-like cells from spindle- 
shaped s>Tiovial cells. X 1 1 5. 

Fig. 18. Drawing of 72 hour transplant. S3mc>^um composed mostly of elon- 
gated cells with relatively few intercellular bridges. At x a round form in amitotic 
division. 

Fig. 19. Drawing of same area 24 hours later. Cells broader, and have more 
intercellular bridges. 

Fig. 20, Drawing of same area 24 hours later. Culture had been renourished. 
True epithelioid membrane made up of dense sjmcj’tium. 






















THE FORM AND FUNCTION OF SYNOVIAL CELLS IN 
TISSUE CULTURLS 

II. The Production of Mucin 

By ERNST VAUBEL, M.D. 

{From the Hospital of The Rockefeller Inslilule for Medical Research) 
(Received for publication, April 24, 1933) 

The object of this communication is to present evidence that mucin 
is actively produced by s}movial cells. The demonstration of such 
a capacity by synovial cells in tissue cultures would be of importance 
because heretofore there has been no unanimity of opinion concerning 
the site and mode of formation of the synovial fluid, as is shown by the 
follovdng brief review of the literature bearing on this subject. 

In conformity with the idea that the synovial membrane was an epithelial 
structure the older authorities designated the joint fluid as a product of secretion 
in the narrower sense, a process observed only with genuine epithelial elements. 
The opinion was expressed by both Winslow (1) and Havers (53) that the s)movial 
fatty tissue was a mucin-producing gland; but later Bichat (3) advanced opposing 
views, and he, together with other authors, saw in the joint fluid merely a trans- 
udate which percolated through the walls of the numerous blood vessels of the 
sjTiovia (Bichat, Todd (54), Drechsel (55) and others); von Kolliker (2), on the 
other hand, thought that it was a fluid originating in the vessels but altered by some 
action on the part of the “s>Tiovial epithelium.^’ Frerichs (56), who in 1846 first 
discovered mucin in the synovial fluid, and who considered the s}’novial membrane 
as anatomically composed of serosal cells, opposed the possibility of a secretory 
origin in the narrower meaning of the word, because these ceils like those of all 
other serous membranes are capable of producing only an exudate. Thus the so 
called epithelial lining of the joint capsule rvas supposed to desquamate as a result 
of motion and then gradually to dissolve in the aMline serum. This process was 
thought to be favored through the constant friction in the joints, a imique con- 
dition not existing in other serous membranes. 

Frerichs’ opinion that the mucinous nature of the s>movial fluid was the result of 
cellular disintegration, and conditioned by the purely mechanical factor of motion 
influenced many subsequent investigators, particularly those, such as Hammar 
(11), who regarded the lining of the joints as a simple fibrous connective tissue. 
Heuter (5), on the other hand, spoke of a specific action of the cells upon the 
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nourishing fluid which transuded from the blood vessels, and found in the roicro- 
scopic picture of the synovia no support for the idea that the cells are dissolved 
cn masse. The secretion theor}^ was, nevertheless, by no means dislodged. Thus, 
Soubbotine (12) stated that tlie synovial fluid was formed by goblet cells whicli he 
frequently encountered among the epithelial elements of the s 3 mo^aa; and Mayeda 
(13) described certain zones of the joint lining as secretorj'' areas, cliaracterized 
b}’' glandular cells which he thought he could clearty differentiate both anatomically 
and functionally from those found in other places. Both Aschoff (14) and Kauf~ 
mann (15) speak of the synovial fluid as a secretion. Muller (57), basing hk 
opinion on Luboschk conceptions, expresses the contemporary vie^vpoint tliat the 
joint fluid must not be considered as entirely a secretion from the synovial mem- 
brane, but ratlier that it is chiefl}'' a solution of cellular elements of the joint 
lining — a mucoid degeneration — tliat arkes from a constant stream of fluid poured 
out from the articular surface. While some dkciples of Frericlis still exkt who 
consider the s 3 movial fluid only as a substance arking from the mechanical destruc- 
tion of tlie S 3 movial cells, recentl}^ other voices have again been raked advancing 
arguments in favor of the secretion theor 3 ^ These are based in part upon the 
results of histologic investigations (Mayeda (13), Kling (46)) and in part upon 
clinical and experimental researches. Noteworth 3 ^ also is a theor 3 ’' advanced by 
Banchi (58), who regards tlie s 3 movial fluid as originating from the articular car- 
tilage ratlier than from the s 3 movial membrane. 

A stud 3 ’' of the literature dealing with the embr 3 ^ologic phases of the subject, 
reviewed more extensive^ elsewhere (see footnote 1 in previous article), tlirows 
little light upon the question. Most of the autliors subscribe to one or the otlier 
of the two viei\T)oints considered above. Onb^ in Rettererk (59) writings does one 
encounter thk interesting observation confirmed by all embr 3 "ologic data, namely 
tliat the first trace of the s 3 movial fluid takes its origin from a liquefaction of the 
h 3 "alopIasm, and he concludes from this observation that a similar, peculiar 
liqucf 3 dng condition must exist in postembr 3 ^onic life. 

In summary, then, it ma 3 ^ be stated that there are two theories 
concerning the mode of formation of synovial fluid: the one tries to 
explain it as a secretion, the other considers it a product of cellular 
degeneration, in other words, a detritus dissolved in tissue juices. A 
satisfactor 3 ^ clearing up of these differences is not available; and 
because somewhat confused and unpltysiologic contributions have led 
to theories notin accordance vdth contemporary knowledge, the whole 
subject requires re\’ision. 

A consideration of the foregoing opinions concerning tlie source of 
the s 3 movial mucin leads to the following possibilities for experimental 
investigation. If the s 3 Tiovial fluid and especially its high content of 
mucin is a detritus arising from mucoid degeneration and cellular 
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destruction then one would expect to find no mudn in a tissue culture 
composed of healthy sjmovial cells, but rather in a culture of degenerat- 
ing synovial cells and possibly in one of fibroblasts grown from peri- 
articular tissue. If, on the other hand, the mucin is a specific product 
of the sjmovial membrane one would expect to find a certain amount 
of it in a normally growing culture of sjmovial cells, and none in a 
degenerating growth or in a culture of fibroblasts. Finally, if the 
mucin arises as a result of degeneration of the cartilaginous portion of 
the joint then none would occur in a culture composed entirel}^ of 
sjmovial cells. 


EXPERIMENTAL 

The same cultures, both of s>Tiovial membranes and of control tissues, used in 
the morphologic studies (60) were employed for the present study, form this manner 
some of the forms and functions of the cells coiild be correlated. 

The investigation of the soluble material originating in the tissue cultures was 
carried out in a simple manner. K the flasks contained no free fluid, either because 
no fluid phase had been supplied or because the plasma had absorbed the fluid 
previously added, the plasma coagulum was separated from the bottom of the 
flask thus allowing it to contract and squeeze out a certain amotmt of fluid; at 
times this process was hastened by centrifuging. The fluid so obtained was 
decanted or pipetted into small tubes and tested for mucin as described below. 
All control cultures were handled in the same manner; and in case the growth had 
progressed to the stage of complete degeneration similar procedures were employed 
for obtaining fluid. During a period of active growth when attempts were made 
to correlate possible mucin formation with a certain stage of growth a modification 
in the manner of collecting the fluid was introduced: the flasks were placed upright 
for half an hour when the expressed liquid which had collected at the dependent 
portion was removed with capillaiy^ pipettes; then that from each flask was tested 
separately or the product from a number of flasks was pooled and tested. 

In order to eliminate the possibility of introducing mudn into the ori^nal 
culture media no embr>'onic extract was used. Furthermore, all fluids used in 
making and washing the cultures were tested for the presence of mudn with 
negative results. As already mentioned, all sj-novial membranes were washed 
half an hour in TjTode’s solution in order to remove adherent joint fluid before 
being explanted. Several times the explants before being placed in the plasma 
were washed with TjTode’s solution made shghtly alkaline with sodium hydrate- 
and as an additional control, bits of s>movial membrane were placed in similar 
alkalinized TjTode’s solution and incubated at 3TC. for 24 hours; the supernatant 
liquid tested with 2 per cent acetic add never gave a positive reaction for mudn 

The test for mucin in a fluid under investigation was carried out as follows- 
to the dear solution, contained in small tubes, 2 per cent acetic add was added 
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drop by drop. In the presence of eitlier mucin or nucleoprotein a precipitate is 
formed; but these precipitates have distinguishing characteristics: that formed bj' 
both appears to be composed of coarse threads, which, if the acetic acid is added 
carefully, gathers into a sack or tube-like membrane, as Kling recently demon- 
strated. If a glass rod is placed in the fluid the precipitate gathers around it in a 
pasty, elastic mass. If the precipitate is due to nucleoprotein it is soluble in an 
excess of acetic acid, while the presence of mucin is indicated by a failure of the 
precipitate to go into solution in an excess of the acid. T^he precipitated mucin is, 
however, readily soluble in alkaline media and can be repeatedly precipitated and 
redissolved by altering the reaction of the surrounding fluid. 

Von Holst (61) states that the mucin of the sjmovia is free from phosphorus 
and yields a reducing substance after long heating with hydrochloric acid. Kling 
(46), in agreement with Salkowski (69), could demonstrate no noteworthj’ reduc- 
tion with copper sulfate even after prolonged hydrol)^sis of the sjTiovial mucin wiUi 
dilute hydrochloric acid. Extensive chemical investigation of the mucinous 
material derived from tissue cultures was impossible because of the small amount 
of the substance available from such sources. 

RESULTS 

Before reporting in detail on the results with fluid obtained from 
synovial cultures it seems well to record the reaction obtained with 
tliat from controls. With cultures of healthy fibroblasts of different 
origin there occurred in no single case a precipitate of the coarse 
thready type; the solution usually remained clear following the addi- 
tion of 2 per cent acetic acid or there occurred only a slight turbidity; 
such finely dispersed precipitates formed very slowly, often only after 
an interval of 24 hours. Fluid from the degenerated and dying 
cultures at times yielded a thread-like precipitate, small in amount, 
whicli redissolved upon the addition of an excess of acetic acid; 
usually, however, only a slight clouding was observ^ed. 

Witli fluid derived from serosal cell cultures from the pericardium, 
pleura, peritoneum and tunica vaginalis, similar results were ob- 
tained. In spite of varying cultural conditions no mucin-like sub- 
stances were demonstrable, with the following exception : in the liquid 
from two flasks containing growths from explants of peritoneal serosa a 
precipitate was observ'ed having the morphologic properties of mucin 
and not soluble in an excess of the acid. The amount of precipitate 
was too small for further chemical investigation. With numerous 
other cultures of peritoneal origin it was impossible to repeat this 
obseiwation; nevertheless, it is of distinct interest, especially when 
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considered in connection with the observation of von Holst, who 
demonstrated mucin-like substances in ascitic fluid- 

In sharp distinction to the negative results noted above were the 
clearly positive findings with fluid obtained from cultures of s)movial 
cells. By decanting and combining the liquid from several flasks a 
distinctly increased viscosity was observable; such fluid was like a thin 
glue and could be drawn into long threads; it was, indeed, very sunUar 
to a thin joint fluid. Upon the addition of 2 per cent acetic acid there 
was formed a coarse thready precipitate that quickly dropped to the 
bottom of the tube in the form of adherent clumps. This precipitate 
was insoluble in an excess of acid as well as in a neutral medium; it 
dissolved readily in slightly alkaline solutions, and again formed a 
predpitate upon the addition of an excess of add to the atkaline 
solution ; it was not coagulated by heat. At times a substance capable 
of redudng copper sulfate was obtained after prolonged heating of the 
precipitated material in dilute hydrochloric add; but this result was 
inconstant, for the reaction was sometimes negative xrnder experi- 
mental conditions apparently identical with those giving positive 
results. 

The output of mucin was, naturally, small and not suffident for 
extensive chemical studies; yet there seems little doubt of its identity 
with the mucin formed in joints. It did not give the reaction of 
nudeoprotein which dissolves in an excess of add. Furthermore, in 
the fluids from degenerating synovial cultures there were foimd only 
traces of mucin or none, while the amount of thready predpitate of 
nudeoproteJh soluble in an excess of add was found to increase in 
such cultures. 

The quantity of mucin precipitate varied, depending upon the 
proportion of producing cells and the number and extent of cultures 
in the flasks. It was espedally marked with explants and wdth 
typically growing transplants, particularly in the older healthy cul- 
tures showing no cellular degeneration. The mucin could be demon- 
strated distinctly in fluid obtained from a sixth passage transplant 
that is about 60 days after the original explantation. Its amount 
decreased with the increase of a fibroblast-like growth, and it dis- 
appeared ndth complete transformation of the synovial cells into 
typical fibroblasts, and no mucin appeared when such growths were 
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allowed to degenerate. The transformation into fibroblasts with 
failure of mucin production seemed to occur more readily vdth trans- 
plants of synovia from young animals than with those from older 
rabbits. With the latter, as a rule, typical growths with mucin forma- 
tion persisted through several passages. 

When a flask was washed out with 1 cc. of Tyrode’s solution on the 
day following explantation, no mucin, or at least only traces, could be 
detected in the washings; and the same was true of the supernatant 
liquid obtained by centrifuging the plasma coagulum in whicli ex- 
plants 1 day old had grown. With progressing growth of typical 
synovial cells there was an increase in mucin production; after about 
10 days, when the growths were divided and transplanted, production 
of mucin appeared to be at its maximum. If the culture was stim- 
ulated by the addition of a large amount of splenic extract then there 
was early a large yield of mucin; but under this stimulating environ- 
ment the dedifferentiation into fibroblast-like growth took place more 
rapidly with a corresponding diminution in mucin production. By 
conditioning the nutritive state with small amounts of splenic extract 
tlie appearance of typically growing synovial cells was better main- 
tained and the specific function of these cells seemed to be held at its 
optimum. 


DISCUSSION 

From a review of the results obtained in tissue cultures the con- 
clusion seems warranted that cell types develop in the growths from 
synovial membranes which are clearly differentiated from other 
mesencliymal cells, especially from those of the subcutaneous or 
interstitial varieties. The peculiarity of a synovial growth rests in 
part on the pol}Tnorphism of the cells, the contour of which ranges 
from round and spindle to polygonal and epithelioid, and especially 
on their tendency to form membranes composed of syncytial elements; 
this agrees with histologic investigations (Hammar (11) and others). 
Furthermore, these cells are peculiar in producing both mudn and a 
proteolytic ferment and in forming in their cytoplasm large highly 
refractive granules, that stain deeply wth neutral red. Because of 
these functions they are differentiated sharply from fibroblasts and 
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brought into fairly close relationship with other cells of mesench 3 Tnal 
origin having special morphologic and physiologic features, namely 
osteo- and chondroblasts. 

A comparison with the reports of other workers shows that these 
three types of cells appear to be related in several respects. Dol- 
schansky’s (62) descriptions and illustrations of growing osteoblasts 
and chondroblasts reveal a striking similarity to those given above for 
synovial cells. Fischer and Parker (18) confirmed Dolschansky’s 
findings, and, in addition, caused both cell types imder special cultural 
conditions to form an organized tissue with a hyalinized ground sub- 
stance, that closely resembled bone or cartilage. The morphologic 
similarity of cultures of these three tissues is closely connected with 
their ontogenetic relationship: they arise from a common embryonic 
anlage. 

The capacity of the synovial cells to dissolve the coagulated plasma 
imder certain favorable circumstances may be regarded as a physio- 
logic function of this tissue that may be likewise observed in vivo. 
For example, one finds references in the literature indicating that the 
synovial fluid is capable of dissolving bone when a bone pegging 
operation has been performed near a joint; and also when bits of bone 
have been broken off into the articular cavities. Coagulated blood in 
the synovial cavities becomes liquefied after a few days (Bier (63), 
Kaiser (64), Jaff6 (65)). The poor healing of in traarticular fractures 
may also be cited in the same connection; and in order to explain this 
phenomenon Podkaminsky (66) investigated the lytic capacity of the 
fluid obtained from the joints of oxen and demonstrated in vitro a 
proteolytic ferment, a lipase and an amylase; he thought, therefore, 
that the occurrence of these substances accounted for the osteo- and 
chondrolytic power of the synovial fluid. The enzymes, especially 
those of proteolytic nature are doubtless active in supplying a medium 
suitable for the holding in solution of substances favorable to the 
peculiar function of the syno\aal membrane. 

The demonstration of mucin in the cultures of synovial cells is 
important in indicating that the maintenance of the slimy property of 
synovial fluid is a peculiar function of these cells and not the result of 
their death and subsequent dissolution. The term “secretion’^ is 
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avoided because mucin formation in joints cannot be compared 
strictly \vith the enzyme-forming function of epithelial glands, for 
which this term, in its narrower sense, should be reserved. 

As an analogue to the formation of mucin by the synovial membrane 
one must look for the production of similar substances by certain 
other mesenchymal elements. This subject is discussed much more 
fully in another place (see footnote 1 in previous article), where the 
viewpoint is advanced that one may regard the s 3 movial fluid as a 
ground substance of the synovial tissue analogous to the intercellular 
substance of the cartilage which has become solid by the imbibition 
of chondroitinsulfuric acid, or to that of the bones whicli have become 
impregnated with lime salts. This viewpoint is in perfect accord 
\wth the modern conception of mesenchymal tissue, as formulated 
by Hueck (67), Studnicka (68) and others. The feature distinguish- 
ing this ground substance from all others is its persistent liquid mucin- 
ous state, a physical condition that renders it most valuable for the 
purposes of lubrication. 

Finally a word concerning nomenclature may be introduced. We 
designate the individual elements of bone as osteoblasts, and those of 
cartilage as chondroblasts according as these cells elaborate a peculiar 
intercellular substance, bone or cartilage respectively. If, therefore, 
one regards the synovial fluid as a specific ground substance elaborated 
by synovial membrane it is only logical to employ the designation 
"synovioblast” to characterize a specific t 3 ^pe of cell vnth this peculiar 
function. 


SUMMARY 

1 . S>mo\’ial cultures are differentiated in tissue cultures from otlier 
tissues of mesenchjTOal origin by their t>q)e of growth and cell function. 

2. In these respects they are more closely allied to cliondroblasts and 
osteoblasts than to fibroblasts. 

3. SjTiovial cells in tissue cultures develop marked globular cyto- 
plasmic granulations that stain easily vith neutral red and sometimes 
with toluidine blue; the\' show marked polj'morphism witli all transi- 
tions from round to spindle, polygonal and star shapes and eventually 
form an epithelial-like membrane, composed of cells with numerous 
sync\'tial bridges. 
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4. In cultures of typically growing sjTiovial cells a mucin-like sub- 
stance is elaborated. T)T)ical growth and maximal mucin production 
is best maintained in media containing a minimum of growth-stimulat- 
ing substances. Transformation of synovial cell growths into fibro- 
blastic growth is accompanied by a loss of mucin production. Dying 
cells apparently do not produce mucin. 

5. Amitotic cell division and the formation of macrophage-like 
cells were observed. 

6. Marked tendency to liquefaction of the plasma about the 
growths was observed and attributed to the elaboration of a proteolytic 
ferment. 

7. The specific designation ^^synovioblasts” is proposed for these 
cells. 

The author wishes to express his thanks to Dr. Homer F. Swift 
for his encouragement during the course of this investigation, also 
for the translation of the articles from the author^s German manu- 
script, and their preparation for publication. 

REFERENCES 

1. Winslow, Expeditio anatomica strukturae corporis hmnani, 1753, cited by 

Mayeda (13). 

2. von Kolliker, A,, Mikroskopische Anatomie, Leipsic, Engelmann, 1S50; 

Entwicklungsgeschicte des iMenschen und der hoheren Tiere, Leipsic, 

Engelmann, 1861. 

3. Bichat, Anatomie generate. Traite des membranes, 1806. 

4. Kis, Die Haute und Hohlen des Korpers, Akad., Programm, Basel, 1865. 

5. Heuter, C., Klinik der Gelenkkrankheiten, Leipsic, Vogel, 1871. 

6. Schweigger-Seidel, F., Arbeiten aus der Phj^iologischen Anstalt zu Leipzig, 

vom Jahre 1866, Leipsic, Hirzel, 1867, 150. 

7. Landzert, Cottr. med. Wi^senscL^ 1867, 6, 369, cited by ^layeda (13). 

8. Schneidemuhl, Arch, vnssensch. 'll. prakt. Tierheilk., 1884, 10, 40. 

9. Hagen-Tom, O., Arclu mikr. Anct.^ 1882, 21, 591. 

10. Braus, H., in Hert^ng, 0., Handbuch der vergleichenden und experimentellen 

Entwicklungslehre der Wirbeltiere, 1905, 3, 2. Abt. 

11. Hammar, J. A., Arch. mikr. AfiaL, 1894, 43, 266. 

12. Soubbotine, Arch. phys. bioL, 1880, 7, series 2, 532. 

13. hlayeda, T., MiU. mcd. Fakul. Tokyo, 1920, 23, 393. 

14. Aschoff, L., Pathologische Anatomie, 4th edition, Jena, Gustav Fischer, 1919, 2, 

15. Kaufmann, E., Lehrbuch der speziellen pathologischen Anatomie fiir Studie- 

rende und Aerzte, 7th and Sth editions, Berlin, Walter De Gruyter, 1922, 1 



94 


SYNOVIAL CELLS IN TISSUE CULTURES. II 


16. Lubosch, W., Bau und Entstehung der Wirbeltiergelenke, Jena, Gustav 

Fischer, 1910. 

17. Vaubel, E., J. Exp. Med., 1933, 68, 85. 

18. Fischer, A., and Parker, R. C., Arch. exp. Zellforsch., 1929, 8, 297, 325. 

19. Fischer, A., Gewebeziichtimg. Handbuch der Biologie der Gewebzellen in 

vitro, Munich, Mtiller and Steinicke, 3rd edition, 1930. 

20. Herzog, G., and Schopper, W., Arch. exp. Zellforsch., 1931, 11, 202. 

21. Kapel, 0., Compt. rend. Soc. Mol., 1926, 96, 1108. 

22. Chlopin, N. G., Arch. exp. Zellforsch., 1927, 4, 462. 

23. Lewis, W. H., Anat. Rec., 1922, 23, 26. 

24. Kredel, F., Bull. Johns Hopkins Hosp., 1927, 40, 216. 

25. de Gatris, C. F., Bidl. Johns Hopkins Hosp., 1924, 36, 90. 

26. Laser, H., Arch. exp. Zellforsch., 1925, 1, 125. 

27. Levi, G., cited by Fischer (19). 

28. Kreibisch, B., Arch. Dcrmat. u. Syph., 1914, 120, 925. 

29. Holmes, S. J., Science, 1914, 39, 107. 

30. Lewis, W. H., and Webster, L. T., /. Exp. Med., 1921, 33, 261. 

31. Schopper, W., Bciir. path. Anat. u. allg. Path., 1931-32, 88, 451. 

32. Parker, R. C., J. Exp. Med., 1932, 66, 713. 

33. Carrel, A., and Ebeling, A. H., J. Exp. Med., 1922, 36, 365; 1926, 44, 261, 285. 

34. Fischer, A., Compt. rend. Soc. Mol., 1925, 92, 109. 

35. Maximow, A., Arch. exp. Zellforsch., 1928, 6, 169. 

36. Bloom, W., Arch. exp. Zellforsch., 1928, 6, 269. 

37. Chlopin, N. G., Z. inikr.-anat. Forsch., 1925, 2, 324; Arch. exp. Zellforsch., 

1925, 1, 193; 1931, 12, 11. 

38. Fischer, A., Arch. exp. Zellforsch., 1927, 3, 345. 

39. Fischer, A., and Laser, H., Arch. exp. Zellforsch., 1927, 3, 363. 

40. Ephrussi, B., and Hugues, Y., Cotnpt. rend. Soc. Mol., 1930, 106, 697. 

41. von Mollendorff, W., and von Mollendorff, M., Z. Zellforsch. niikr. Anat., 

1926, 3, 503; von Mollendorff, M., Z. Zellforsch. mikr. Anal., 1929, 9, 183; 
1930, 12, 274. 

42. Schopper, W., Vcrhandl. dcutsch. path. Ges., 1929, 24, 25; Centr. allg. Path. u. 

path. Anat., 1931, 60, 389. 

43. Borner, R., and Herzog, G., Centr. allg. Path. u. path. Anat., 1928, 44, 137. 

44. Tannenberg, J., Verhandl. dcutsch. path. Ges., 1929, 24, 29. 

45. Metzner, R., in Abdcrhalden, E., Handbuch der biochcmischcn Arbeits- 

methoden, Berlin, Urban, 1915, 8, 185. 

46. Kling, D., Dcutsch. Arch, klitt. Med., 1931, 172, 165. 

47. Groebbels, in Bethc cl al., Handbuch der normalen und pathologischcn 

Physiologic, Berlin, Julius Springer, 1927, 3, 570. 

48. Sabin, F. R., Bull. Johns Hopkins Hosp., 1923, 34, 277. 

49. Nagel, A., Z. Zellforsch. u. mikr. Anat., 1929, 9, 346. 

50. Lewis, W. II., Bull. Johns Hopkins Hosp., 1919, 30, 81. 

51. Fischcl, A., Anal. Hcfte, 1901, 16, 417. 



ERKST* VAtTBEL 


95 . 

52. Sabin, F. R,, personal communication in using method described b^* Harvey, 

B. C. H., and Bensley, R. R,, Biol. 1912, 23, 225. 

53. Havers, cited by Mayeda (13). 

54. Todd and BoTvmann, The phj’siological anatomy and ph\’ 5 iolog 5 ' of man, 

London, 1843, cited by Heuter (5). 

55. Drechsel, E., in Hermann, Handbuch der Physiologie, 1883, 5, 449. 

56. Frerichs, F. T. R., in Wagner, Handworterbuch der Phj'siologie, 1846, 3, 

part 1, 463. 

57. Muller, W., Die Biologic der Gelenke, Leipsic, Barth, 1929; Biologische 

Gnmdlagen der Gelenkstorungen. Rheumaprobleme H, Leipsic, Thieme, 
1931,130. 

58. Banchi, Ricerche intemo alia struttura deUa sinoviale ed alia presunta della 

sinovia, Atti dell’ Accademia medicofisica Fiorentina, 1901, cited by 
Mayeda (13). 

59. Retterer, E., Compl. rend. Soc. hioL^ 1886, 38, 45; 1894, 46, 862; 1895, 47, 70; 

1896, 48, 47; /. Anai. el physiol, 1896, 32, 256; 1902, 38, 473. 

60. Vaubel, E,, J. Exp. Med., 1933, 68, 63, 

61. von Holst, G., Z. phys. Ghent., 1904-05, 43, 145. 

62. Dolschansky, L., Z. Zellforsch. u. mikr. Anal., 1929, 8, 789. 

63. Bier, A., Deuisch. med. Woch., 1919, 46, 225. 

64. Kaiser, F., Forischr. Geb. Ronlgenstrahlen, 1919, 27, 119. 

65. Jaffe, Arch. hlin. Chir., 1897, 64, 69. 

66. Podkaminsky, N. A., Conipt. rend. Soc. bioL, 1931, 83, 915. 

67. Hueck, W., Bcitr. path. Anal. u. allg. Path., 1920, 66, 330. 

68. StudniOca, F. K., Anal. Anz., 1907, 31, 497; 1912, 40, 33, 497; in von MoUen- 

dorff, W., Handbuch der mikroskopischen Anatomie des Menschen, Berlin, 
Julius Springer, 1929, 1, part 1, 421. 

69. Salkowski, E., Virchora:$ Arch. palh. Anal, 1893, 131, 304. 
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II. The Eefect of Blood Serum 
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The purpose of the experiments described in this article was to study 
the effect of serum on the morphology and rate of multiplication of 
strains of common connective tissue cells, or fibroblasts, and also to 
compare the action of serum with that of plasma.^ 

EXPERIMENTS AND RESULTS 

When plasma is supplied to the cultures in a fluid state, it can be 
renewed at frequent intervals without disturbing the colonies. Coag- 
ulation is prevented by means of heparin. A comparison of the effects 
of serum and plasma was made possible, therefore, by the addition of 
this substance to both serum and plasma that had been prepared from 
a given sample of blood. Also, the effect of the heparin on the cells 
could be tested by comparing the action of plain serum with that of 
the same concentration of senun conta inin g heparin. 

Strains of fibroblasts were isolated from skeletal muscle {M. iibialis anterior) 
of 10 and 21 day old chick embr>’OS and cultivated for seven passages (38 days) in 
flasks in a medium consisting of plain, adult chick plasma and chick embr^’^onic 
tissue juice^ diluted vith T>Tode solution. On the final day of this treatment, by 
which time the cell population had been rendered imiform, each of a number of 
representative cultures from the two strains was divided into four equal and com- 
parable parts, of which three were retained. From these, various series of experi- 
ments were made, each series comprising three sister cultures that were placed in 

1 Parker, R. C., /. Exp, Med., 1932, 66, 713. 

‘This was rendered cell-free by freezing for two periods of 15 minutes each at 
~50^C. 
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separate flasks in a medium consisting of 1 part of adult chick plasma diluted ^^^th 
2 parts of Tyrode solution. Coagulation was allowed to proceed spontaneously 
and without the addition of tissue juice. After an incubation period of 24 hours, 
this solid phase was reinforced by a second application of plasma diluted as before 
with Tyrode solution. On the following day, all cultures were washed vnth T>Tode 
solution for 2 hours at after which tlie three cultures comprising each set 

were treated with three different types of media; the first, with a mbcture con- 
sisting of 1 part of chick serum diluted with 2 parts of Tyrode solution; the second, 
witli a mixture of the same sample of serum diluted to the same extent with Tyrode 
solution but containing 1 part in 10,000 of a solution of heparin; the third, witli 
plasma prepared from the same sample of blood and containing equal proportions 
of the same Tyrode and heparin solutions. As in the case of tlie T)Tode, these 
solutions were allowed to remain for 2 hours at 37°C. before being removed. Three 
times a week the cultures were again washed and treated with tlie same materials. 
\^^len it became necessar}^ to transfer them to fresh flasks, the solid medium was 
prepared as before and the daughter cultures continued to receive tlie same treat- 
ment as those from which they had been derived. At each transfer, it was aimed 
to have the three transplants of equal size. 

Wlienever the culture flasks were opened for treatment, and before tliey were 
set away for incubation, they were filled with a gas mixture composed of 3 per cent 
CO 2 , 21 per cent O 2 , and 76 per cent N 2 (at atmospheric pressure). The effect 
of this was to adjust the hydrogen ion concentration of the various media to a 
pH of 7.6. 

A second group of experiments was made from tlie strain that had been derived 
from the 21 day old embryo after this had been cultivated as ‘‘stock” (in a plasma- 
tissue juice medium) for ten passages (59-61 days). 

The 2-hour periods were chosen arbitrarily for the reason that they happened to 
fit best into the da 3 '''s schedule. The length of time that a given quantity of 
plasma maj' be maintained in a fluid condition b}" the use of heparin depends en- 
tirely upon the concentration of the latter. These periods have been found ade- 
quate both for the removal of catabolic substances from the interstices of the solid 
medium and also for their subsequent replacement witli fresh food materials. 
Were it feasible to increase the concentration of heparin, the nutrient fluids might 
well be left in place from one treatment until the following one 2 days later. The 
quantity of heparin this necessitates, however, is decidedl}' injurious to the cells. 

The relative growth rates of the various cultures comprising each experiment 
were estimated from planimetric measurements of outline drawings made from 
time to time with tlie aid of the projectoscope. This apparatus, used as a camera, 
served to record their morphological appearance. 

When cultivated under the same environmental conditions, the rate 
of cell multiplication displayed by the strain of muscle fibroblasts de- 
rived from the 21 day old embryo greatly exceeded that manifested by 
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Days 

Text-Fig* 1. Curves showing the rate of growth of two strains of fibroblasts 
isolated simultaneously from the M. tibialis anterior of a 10 and a 21 day old chick 
embryo, respectively, and cultivated for 52 days (nine passage) in chick plasma 
and chick embryonic tissue juice. 



Text-Fig. 2. Curves showing the rate of growth of two strains of fibroblasts 
isolated simultaneously from the 2f. tibialis anterior of a 10 and a 21 day old chick 
embr)'o, respectively’, and cultivated in heparinized serum. From isolation until 
the present period, the two strains were cultivated for 38 days (seven passages) 
in embry’onic tissue juice, and subsequently for 14 day’s (one passage) in heparin- 
ized serum. 
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the strain obtained from the younger embryo. This was true not only 
when the two strains were cultivated in a highly nutritive medium 
(Text-fig. 1), but also when the food content of the medium was of a 
lower level, as, for example, that represented by serum or plasma (Text- 
fig. 2). 


31 ^ 

3220* 

3266* 


3184 - ]\I (21) - Passage 7 

3194 



3202 



3227 

3228 

3237* 

1 

3239* 3245* 

3246* 

1 

1 

3326* 

j 

1 

3366* 

1 

3552* 

3549* 

1 

3553* 


Text-Fig. 3. Schematic representation of relationships existing between cul- 
tures of tlie various experiments for which data are supplied in Table II. 

* Three sister cultures treated with serum, heparinized serum, and heparinized 
plasma, respectively. 


TABLE I 

Action of Scrum, Heparinized Scrum, and Heparinized Plasma on the Rale of Gro'iVtIi 
of Fibroblasts from the M. tibialis anterior of a 10 Day Chick Embryo 


MpO) 

c-tpcnmcnls 

Passage No. 

Duration of 

Area of outgrowth attained at end of each passage 

treatment 

Scrum 

Serum 

(heparinized) 

Plasma 

(heparinized) 

3183* 

7 

days 




1 





12 

3192 

8 

14 

19 

23 

1 





! 23 

3221 

1 

3596 

9 

64 

71 

33 

10 

22 

29 

27 



* Final passage in embrA’onic tissue juice. 


The organization of the serum and plasma e.xperiments selected for 
presentation, and the results obtained, are presented in Text-fig. 3, 
Tables I and II, and Figs. 1-17. Six series of experiments are included, 
one utilizing the strain derived from the 10 day old embrj’o (Table I, 
Figs. 4-15), whereas the remaining five include the strain derived from 
the older embryo (Te.\t-fig. 3, Table II, Figs. 1-3 and 16 and 17). 
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Each series was started from a culture belonging to a set that had been 
cultivated up to that point in the routine stock medium of plasma and 
embryonic tissue juice (compare Text-fig* 3 with Table H). 

TABLE n 


Action of Serum, Heparinized Serum, and Eepariniz£d Plasma on the Rale of Growth 
of Fibroblasts from the M, tibialis anterior of a 21 Day Chick Embryo 





Area of outgrowth attained at end of each passage 

Mpi) 

expenments 

Passage Ko. 

OuratloQ of 




treatment 

Semm 

Serum 

Plasma 




(heparinized) 

(heparinized) 



days 




3184* 

i 

3191 

i 

3220 

7 





8 

14 

27 

34 

18 

9 

17 

21 

22 

9 

i 






3266 

10 

40 

, ^ 

45 


3227* 

10 





i 






3237 

11 

26 

42 

42 ! 


1 



1 



3326 

12 

24 

60 

40 


i 






3552 

13 

24 

47 

46 


3227* 

10 1 





i 






3239 

11 

25 

72 

43 

40 

3228* 

10 





1 






3245 

i 

3549 

11 

48 

116 

88 

31 

12 

24 

74 

47 


3228* 

10 





1 






3246 

1 

3366 

\ 

3553 

11 

28 

66 

45 


12 

20 

43 

45 


13 

24 

46 

46 



* Final passage in enibr\’’on,ic tissue juice. 


The Ejfect of Serum, Heparinized Serum, and Heparinized Plasma on 
the Rate of Cell Multiplication 

An exjmination of the data presented in Tables I and II niU reveal 
that, wth one exception (Experiment 3191), the fibroblasts cultivated 
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on serum alone attained an area of outgrowth either greater than or 
equal to that obtained by the use of heparinized serum. In the case of 
this one exception, however, it will be noted that, for the two subse- 
quent passages during which transplants of these cultures were sub- 
jected to the same type of treatment as had been afforded the parent 
cultures, the results were comparable with those of the other experi- 
ments. It will also be seen that those cultures treated with heparin- 
ized plasma showed less growth than those that had received either 
the heparinized serum or the serum treatment. 

Previous experiments,^ together with those to be reported here, have 
demonstrated that fibroblasts can be cultivated in heparinized plasma 
for at least 13 months. Since no advantage was to be gained by carry- 
ing them long in these particular experiments, the plasma cultures were 
early discarded. Those treated with heparinized serum were next 
discarded, but not until they had been successfully cultivated in this 
medium for 100 days. The cultures treated with plain serum were 
retained. At the time of writing, they have continued to multiply 
in this medium for 206 days. 

The Effect of Scnim, Heparinized Serum, and Heparinized Plasma on 

the Morphology of the Cells 

Whereas the fibroblasts derived from the 21 day old embryo multi- 
plied more rapidly than those obtained from the 10 day old embryo, 
the cells of both races showed much the same morphological appearance 
after having been cultivated in serum (Figs. 1 and 4), heparinized 
serum (Figs. 2 and 5), and heparinized plasma (Figs. 3 and 6), re- 
spectively, for the same length of time. As might be expected, the 
cells possessing the higher residual growth energy® showed, in each case, 
slightly less granulation than those endowed with a lesser capacity for 
multiplication in a given medium. 

The cells cultivated in serum contained fewer granulations and re- 
vealed less evidence of degeneration than those cultivated in the same 
sample of serum containing heparin. Also, the cells treated with hepar- 
inized serum were at all times and in all cases in much better condition 
than those whose nourishment consisted of heparinized plasma. As 
will be emphasized later, these differences were particularly noticeable 
during the first days of cultivation in the three types of media. Later, 

* Carrel, J. Exp. ifed., 1923, 38, 521. 
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more and more interesting and gradually included a great diversity of 
forms (Fig. 13). With the aid of the camera lucida, many of the cells 
were observed to pinch off one or more small cell-like bodies. In many 
respects, this latter phenomenon resembled one that had been observed 
in previous experiments in wliich fibroblasts gave rise to true macro- 
phages.^ In the present case, however, the structures that were budded 
off bore no likeness to macrophages and remained active for but a short 
time. 

A somewhat similar change was found to occur in various cultures 
treated with heparinized serum. Here, the outermost marginal cells 
gradually degenerated, forming a heavily granulated ring that com- 
pletely encircled the culture (Fig. 16). After a time, living cells mi- 
grated out from within, as in tlie case of the culture described above. 
There was, however, no fragmentation. As these cells continued to 
multiply and to migrate outward, the narrow ring of degenerated cells, 
always visible, was left farther and farther behind (Fig. 17). 

The Effect of Heparinized Plasma on the Growth and Mnltiplication of 
Heart Fibroblasts Belonging to Carrel’s 21 Year Old Strain 

Since fibroblasts derived from the musculature of the heart possess 
a residual growth energy® that is almost as low as that of any that have 
been isolated from the chick embryo, it was of interest to test their 
reaction to heparinized plasma under the conditions of the present 
experiments. The coagulum employed at this time differed from that 
of tlie preceding experiments in that a trace of embryonic tissue juice® 
was added to the original plasma and Tyrode mixture in order to pro- 
mote rapid coagulation. This was done for the reason that these 
experiments were conducted with others involving the cultivation of a 
pure strain of macrophages, and according to identical procedures. 
In all other respects, tire treatment was the same as that already 
described. 

The fibroblasts were successfully cultivated in this manner for 96 
days (Fig. IS). At the end of that time, the e.xperiment was termi- 
nated by accident. Nevertheless, the fact that it was found possible to 
cultivate heart fibroblasts for so long a period indicated that these 
cells, under appropriate conditions, can and do utilize serum and plasma 
proteins for their growth and multiplication. It is a well known fact 
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tcum of a 13 day old embryo and cultivated for 20 days in embrj^onic tissue juice 
and subsequently for 395 days in heparinized plasma. The arrows indicate the 
number of subcultures made at each transfer. 

* Sec Text-fig. 5. f Sec Fig. 19. 



Tnxx-Fic. 5. Diagrammatic representation of the increase in area of a culture 
of fibroblasts isolated from the periosteum of a 13 day old cmbiy'o, and belonging 
to a scries that had been culti\"atcd in heparinized plasma for 112 days. (Com- 



RAYMONl) C. PAKKER 


107 


chick plasma diluted with Tyrode solution and chick embryonic tissue 
juice. At the end of this period, each of a series of representative 
cultures from the strain was divided into four equal parts. The pres- 
ent communication is concerned with but two of the fotir cultures 
that were prepared from each set. One of these was treated regularly 
with serum that had been obtained from the blood of a 5 year old hen 
and diluted with Tyrode solution; the other, with a mixture of hepar- 
inized plasma prepared from the same sample of blood and diluted, as 
before, with Tyrode. 

This experiment has been included to show the appearance of the 
cell colonies during the first period of administration of serum and 
plasma and also to indicate the extent to which the action of the two 
substances may differ. After 2 weeks, the difference in the effect pro- 
duced by them was enormous (Figs. 20 and 21). The cells cultivated 
in serum were in much the better condition. Those treated with he- 
parinized plasma became so distended with inclusions as almost to lose 
their identity. 

The Effect of Semm on the Duration of Life of Fibroblasts 

Fibroblasts derived from skeletal muscle have been cultivated in 
senrni and Tyrode solution, according to procedures herein described, 
for a total period of 206 days. One of these cultures (Ex'periment 
3596, Table I), although treated regularly with fresh serum, has been 
retained in the same flask without subculturing for the last 128 days 
of this period. The colony is still active and comprised of cells that 
are in excellent condition. With the passage of time, its cell popula- 
tion has become more and more interesting. In the beginning, the 
marginal cells were uniform in appearance, conforming, in this respect, 
to the conventional fibroblastic type. This may be seen in the photo- 
graphic record that was made of the culture after it had been carried 
for 14 days in the passage imder present consideration (Fig. 14). By 
the time the serum treatment had been continued for 60 days, however, 
the cell population had become exceedingly heterogeneous. Side by 
side with degenerating cells, heavily distended with large accumula- 
tions of granules, were to be seen cells that were remarkably clear and 
free from gross cytoplasmic inclusions. Large groups of these cells 
increased in size, became stellate, and developed numerous radial 
processes (Figs. 24-27). The latter became entangled, forming bi- 
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zarre, lace-like patterns (Fig. 24). Unlike cells cultivated under con- 
ditions conducive to rapid multiplication (Fig. 22), there was in tins 
case no discernible polarity of the cells (Fig. 23). If the cells actually 
possessed an organic axis, its direction was vertical to their surface. 

DISCUSSION 

The present experiments have shown that fibroblasts, in the begin- 
ning, multiply more abundantly in plain serum than in heparinized 
serum, and also more abundantly in heparinized serum than in hepar- 
inized plasma. Any of these combinations, however, affords the ma- 
terials necessary for cell growth. Thus, fibroblasts from bone have 
continued to multiply for 13 months in a medium consisting solely 
of heparinized plasma and T 3 Tode solution. 

The readiness with which fibroblasts are able to utilize serum and 
plasma proteins depends entirely upon the nature of the strain. Cell 
races endowed with a high residual growth energy® are better able to 
multiply at the expense of these substances than are those whose 
growth potencies are of a lower order. Yet fibroblasts from the heart 
have been successfully cultivated in heparinized plasma for 96 days. 
These cells possess a residual energy which is almost as low as that of 
any that have been isolated from the embryo chick. 

It has been shown that the first effect of serum, heparinized serum, 
and heparinized plasma on fibroblasts is invariably injurious, the de- 
gree of injury differing according to the race and medium employed. 
This is obviously due to the action of the inhibiting substances that 
have been shown by Carrel and Ebeling to be present in the plasma 
of adult and old animals.'* Before being placed in these various media, 
the cells had been cultivated in embryonic tissue juice. During this 
period of plenty, they accumulated reserves that served to diminish 
the shock of the less favorable environment to which they were trans- 
ferred. They would soon have succumbed had it not been possible 
for them to derive nourishment from scrum and plasma. In certain 
cultures treated with heparinized plasma, it seemed as if this were to be 
the case. Although they were washed and fed at frequent intervals, 
the cells comprising their marginal areas gradually degenerated and 
finally died. After a time, however, and even in instances where the 

< Cirrcl, A., and Ebeling, A. H., J. Exp. Med., 1921, 34, 317; 1923, 37, 653, 759. 
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treatment vras continued for as long as 25 to 30 days after the cultures 
had ceased to grow, new cells began to migrate out from the interior of 
the culture and to form a broad band of new growth out beyond the dead 
margin. In other cases, particularly in cultures treated with serum, 
the degeneration process advanced less rapidly and was always less 
pronounced. Yet here, as well, the cells imdens^ent a gradual but very 
marked improvement. Successive generations of new cells were in 
better condition than the preceding ones and remained so for a longer 
time. 

Carrel and Ebeling® have already demonstrated that the growth- 
promoting and growth-inhibiting qualities of serum and plasma 
differ ynth the age of the animal from which they are obtained. This 
has been seen again in the present experiments. The effect of serum 
and plasma prepared from the blood of a 5 year old hen is far more 
pronounced than the effect of the same materials derived from the 
blood of a yoimger animal. 

Zakrzewskf has recently reported experiments in which he cultivated mesen- 
chyme cells from mouse, rat, and chick embr>"Os in plain blood serum for a maxi- 
mum period of 29 days, and in heparinized serum and heparinized plasma for 
longer intervals. He concludes from his results that heparinized serum is a better 
source of nutriment for the cells than serum to which heparin has not been added. 
Serum, he states, contains both food substances and growth-stimulating sub- 
stances, the latter in the form of prothrombin. Heparin, as antiprothrombin, in- 
hibits growth by offsetting the action of the prothrombin. This, according to 
him, makes for a state of equilibrium and promotes functional differentiation. 
WTien heparin is absent, however, the cells are stimulated by the prothrombin to 
a rate of division that is too great for the amount of food present in the serum. 
The result is cell death. 

These findings of Zakrzewski® have not been confirmed. Fibroblasts 
have been cultivated in plain serum and T 3 a-ode solution for over 6 
months. If heparin is a beneficial adjunct to the cultivation of cells 
in serum, they are able, eventually, to do wdthout it. If, on the other 
hand, its effect is merely a toxic one, the cells are equally able to over- 
come this. It has already been noted that the growth of fibroblasts in 
heparinized serum is less at first than in plain serum. Finally, how- 

^ Carrel, A., and Ebeling, A. H., /. Exp, Med,, 1921, 34, 599; 1922, 35, 17- 1923 
38, 419. ' ’ 

® Zakrzc\vski, Z., Arch, exp, Zcllforsch., 1932, 13, 152. 
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ever, cultures that have been treated for long periods of time in tire two 
substances become indistinguishable both with respect to their general 
appearance and their rate of proliferation. The experiments of Zakr- 
zewski were terminated before the cells had become fully adjusted to 
the serum medium. 

It is now possible to understand and to evaluate the negative results 
obtained by Carrel and Ebeling'* in their early attempts to cultivate 
fibroblasts indefinitely in serum. The majority of these experiments 
were made in hanging drops. In such a system, the volume of medium 
was so small in comparison with tlie mass of tissue it contained that 
the cell colonies had to be transferred every few days in order that a 
sublethal concentration of catabolites might be maintained. Under 
these conditons, the inhibiting qualities of serum were greatly exag- 
gerated. Serum retarded the rate of cell multiplication. This, 
coupled with the necessity of sacrificing a large part of the marginal 
outgrowdh at each transfer, meant that the mass of the colony was 
rapidly diminished by the very process of endeavoring to keep it alive. 

Nevertheless, the older techniques fully satisfied the demands that 
■were made upon them. As has just been noted, they served, very ade- 
quately, to demonstrate those qualities of serum that are responsible 
for the inhibition of growth."* \Vhereas, however, the hanging drop 
system offered one particular set of experimental conditions, the new'er 
flask procedure of CarreP provided still others. The present experi- 
ments, for example, have sho'wn it to be unnecessary to maintain 
fibroblasts in a state of rapid di%dsion in order to keep tliem alive in 
vitro. As soon as the cells are permitted to remain undisturbed in 
some system that makes for slow multiplication, and at the same time 
allows a frequent interchange of materials, the}^ are able to overcome 
the growth-inhibiting effects of serum and plasma and to utilize to 
better advantage the growth-promoting substances that arc present. 

Fibroblasts, then, proliferate rapidly when provided ■ndth proteins 
of the embrj'o, less rapidly in media containing serum and plasma pro- 
teins. In a given medium, each cell type shows a certain specific 
growth energ}'. This growth energ}’' remains constant as long as the 

• Carrel, J. Exp. Med., 192.^, 38, 407. 
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medium permits the constant production of like individuals. In a 
medium containing an abimdance of growth-activating substances as, 
for example, when embryonic tissue juice is present, the cells either 
reproduce themselves at frequent intervals, or die. After a certain 
number of days, even when the medium is replenished regularly, 
growth will cease and degeneration will set in. At any given moment, 
therefore, both the individual colonies and their component cells will 
have the same general appearance. In serum, however, multiplication 
is far more infrequent than before and cell death becomes an unusual 
occurrence. The majority of the cells lose their typical fibroblastic 
form. Furthermore, they produce colonies that differ from one an- 
other, both with respect to their general appearance and the nature of 
their component elements. 

SUMMARY AND CONCLUSIONS 

1. Under appropriate conditions, fibroblasts are able to multiply 
in senun, at a slow rate, for very long periods. 

2. The rate of multiplication of fibroblasts in a given sample of 
serum depends entirely upon the nature of the strain. Cell races en- 
dowed with a high residual growth energy multiply more rapidly in 
serum than those whose growth potencies are of a lower order. 

3. Fibroblasts, in the beginning, multiply more abundantly in plain 
senun than in heparinized serum, and also more abimdantly in heparin- 
ized serum than in herparinized plasma. Later, these differences 
become less pronounced. 

4. The first effect of serum on fibroblasts is invariably injurious, the 
degree of injuiy- differing according to the nature of the cell strain and 
the age of the animal from which the serum is derived. With the 
passage of time, however, the colonies imdergo gradual improvement, 
both in the appearance of the component cells and in their rate of 
proliferation. 

5. In media containing embryonic tissue juice, or other grow'th- 
activating substances, fibroblasts form colonies that are isomorphic 
and composed of isomorphic cells. In serum, fibroblasts form colonies 
of heteromorphic appearance. Each colony becomes composed of 
cells that differ from one another, to a more or less marked degree 
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EXPLANATION OF PLATES 
Plate 7 

Fig. 1, Culture 3220-1. Fibroblasts from muscle of 21 day old embrj^o culti- 
vated for 27 days in serum. X 110. 

Fig. 2. Culture 3220-2. Sister culture after 27 days in heparinized serurn, 
X 110. 

Fig. 3. Culture 3220-3. Sister culture after 27 days in heparinized plasma. 

X no. 

Fig. 4. Culture 3221-1. Fibroblasts from muscle of 10 day old embryo culti- 
vated for 27 days in serum. X 110. 

Fig. 5. Culture 3221-2. Sister culture after 27 davs in heparinized serum. 

X no. 

Fig. 6. Culture 3221-3. Sister culture after 27 days in heparinized plasma. 

X no. 

Fig. 7. Culture 3221-1. Same as Fig. 4 after 38 days in serum. X HO. 

Fig. 8. Culture 3221-2, Same as Fig. 5 after 38 da^^s in heparinized serum. 

X no. 

Fig. 9, Culture 3221-3. Same as Fig. 6 after 42 days in heparinized plasma. 

X no. 

Plate S 

Fig. 10. Culture 3221-1. SameasFigs. 4and 7afterS6daysinserum. X 110. 
Fig. 11. Culture 3221-2. Same as Figs. 5 and 8 after 56 da 3 ^s in heparinized 
serum. X 110. 

Fig. 12. Culture 3221-3. Same as Figs. 6 and 9 after 56 da 3 ^s in heparinized 
plasma. X 110, 

Fig. 13. Culture 3221-3. Same as Figs. 6, 9, and 12 after 59 ’da 3 ’s in heparin- 
ized plasma. X HO. 

Fig. 14. Culture 3596-1 (from No. 3221-1). Same strain shown in Figs. 4, 7, 
and 10 after 92 days in senim. X 110, 

Fig. 15. Culture 3596-2 (from No. 3221-2). Same strain shown in Figs. 5, S, 
and 11 after 92 days in heparinized serum. X 110, 

Plate 9 

Fig. 16. Culture 3239-2. Fibroblasts from muscle of 21 da 3 ' old embryo culti- 
vated for 20 days in heparinized serum. X 110. 

Fig. 17. Culture 3245-2. Sister culture after 34 da3's in heparinized serum. 
X 9. 

Fig. 18. Culture 13517 Dl. Heart fibroblasts from 20 year old strain culti- 
vated for 96 days in heparinized plasma. X 220. 

Fig, 19. Culture 3209. Fibroblasts from periosteum of bone from 13 day old 
cmbr 3 ’o cultivated for 371 days in heparinized plasma. (Compare Text-fig. 4.) 
X 110. 
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Fig. 20. Culture 1271-1, Fibroblasts from muscle of 11 day old embryo culti- 
vated for 14 days in serum. X 110. 

Fig. 21, Culture 1271-2. Sister culture after 14 days in beparinized plasma. 

X no. 

Fig. 22. Culture 3964-6. Fibroblasts cultivated in embryonic tissue juice; 
inner zone of outgrowth. (Compare Fig. 23.) X 220. 

Fig. 23. Culture 3596-1. Fibroblasts cultivated in serum; colony regularly 
treated without subculturing for 60 days; inner zone of outgrowth. (Compare 
Fig. 22.) X 220. 

Plate 10 

Fig. 24. Culture 3596-1. Marginal cells from culture shown in Fig. 14, 46 days 
later. This colony has not been subcultured for 60 days. X 220. 

Fig. 25. Culture 3596-1. Marginal cell from culture sho'wn in Figs. 23 and 24. 
X 220. 

Fig. 26. Culture 3596-1. Marginal cells from culture shown in Figs. 23-25. 
X 220. 

Fig. 27. Culture 3596-1. Marginal cell from culture shown in Figs. 23-26, 66 
days later. This colony has not been subcultured for 126 days. (At this point, 
the strain has been cultivated for a total period of 204 days in serum.) X 220. 
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STUDIES ON THE PREVENTION OF CHOLESTEROL 
ATHEROSCLEROSIS IN RABBITS 

I. The Effects of Whole Thyroh) and of Potassium: Iodide 

By KENNETH B. TURNER, M.D. 

{From the Department of Medicine, College of Physicians and Surgeons, Columbia 
University, and the Presbyterian Hospital, New York) 

(Received for publication, May 12, 1933) 

For 25 years the atherosclerosis produced in herbivores by feeding 
cholesterol or cholesterol-rich foods has attracted the attention of 
investigators. The literature, already of formidable proportions, has 
been recently reviewed by Anitschkov (1). The work to date has been 
concerned chiefly with the production and study of the lesions. Our 
interest has been in their prevention. 

The rabbit as an experimental animal for the study of aortic disease 
is viewed with suspicion by some workers, largely because of their 
failure to distinguish clearly between intimal and medial involvement 
of the aorta. 

The lesions produced by feeding cholesterol are intimal, appearing 
as elevated, yellowish plaques most commonly in the arch, ascending 
aorta, and around the mouths of the intercostal arteries. When 
extensive, the process often involves the aortic valve. Calcification of 
the plaques may occiu*. The accumulation of large, fat-laden cells 
beneath the endothelium is a prominent histologic feature. By some 
pathologists these intimal lesions are considered the analog of human 
atherosclerosis. 

On the other hand, medial lesions of the rabbit’s aorta have been 
produced by a variety of agents such as adrenalin, barium chloride, 
th>TOxin, \fiosterol, bacterial products, nicotin, and many other sub- 
stances. The process is characterized by a degeneration of the muscle 
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cells in the media often followed by a deposition of calcium. The 
intima is involved secondarily if at all. 

The importance of distinguishing sharply between these two types 
of involvement is due to the high frequency of spontaneous medial 
degeneration, while spontaneous intimal lesions are rare. In fact it is 
doubtful whether the latter ever occur in young rabbits. 


Control Ohscrvaiio7}s 

Before studying the prevention of atherosclerosis it was necessar}^ to 
be certain that an effective method for the production of these intimal 
lesions was being employed. 

The rabbits used tliroughout this work were mainly of the Dutch belted variety, 
although a few rabbits of other breeds were necessary to fill in groups from time to 
time. The animals were from 4 to 6 months old at the beginning of eacli experi- 
ment. They were kept in individual cages indoors under similar conditions, and 
were fed a diet consisting of oats, an alfalfa-molasses mixture, and fresh vegetables. 
As the work has been in progress practically continuously since Oct., 1930, it was 
possible to rule out a seasonal effect and none, in fact, was noted. 

The method of administration of cholesterol favored by most investigators has 
been to give the substance dissolved in a warm vegetable oil by stomach tube. 
This method was tried at first but soon abandoned because several rabbits de- 
veloped inhalation pneumonias, while others stopped eating normally after tlie oil. 
It was finally decided to mix 1 gm, of cry^stalline cholesterol witli each rabbit’s 
grain three times a week. The disadvantages of tliis method are its wastefulness 
and a lack of knowledge as to the exact cliolesterol intake. The advantages, 
however, are its simplicity, freedom from trauma, lack of interference with normal 
eating habits, and — not the least consideration — its effectiveness. 

In the first test of this method, a group of 15 young rabbits was used. Seven 
of these were kept as controls and received only a regular diet. Eight rabbits were 
given cholesterol, at first by stomach tube, later simply mixed with tlie grain. 

In a second group were 16 rabbits, also 4 to 6 months old. Eight of these were 
used as controls, and S were given cholesterol as above. In addition each of the 
16 animals had 5 drops of \dosterol 250D (Squibb) instilled into tlie phaiymx three 
times a week. It was thought that viosterol in this dosage might hasten or increase 
the severity of the changes produced by cholesterol. In so far as aortic lesions, 
whether intimal or medial, were concerned, the viosterol appeared to be entirely 
inert. Accordingly, for convenience of consideration, it seemed justifiable to 
combine the first and second groups. The results were as follows: 
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No. of rabbits 

Duration of cx- 
periment 

Cholesterol 

intake* 

Atherosclerosis 

Present 

Absent 


■■ 

dayx 

Sm. 



Controls. 


92-113 

0 

0 

15 

Cholesterol-fed .... 


9- 53 

2-10 

0 

5 


u 

87-114 

25-37 

11 

0 


* It must be emphasized that figures given for cholesterol dosage represent the 
maximal possible intake. Due to the limitations of the feeding method used, it is 
not only possible but probable that the actual intake was less than the amount 
given in each instance. 

No atherosclerosis was found in the aortas of the 15 control rabbits either 
grossly or microscopically. 

It has long been recognized that a time factor is important in the production of 
the lesions that occur after cholesterol feeding. In the cholesterol-fed group 5 
rabbits died in 9 to 53 days, having received approximately 2 to 10 gm. of choles- 
terol. There was no atherosclerotic change in the aortas. The remaining 11 
animals were killed after 87 to 114 daj^s and a cholesterol intake of 25 to 37 gm. 
Slight to marked macroscopic atherosclerotic change was present in the aorta of 
each of the 11 rabbits. Involvement of other arteries was also noted in most of 
the ammals together with characteristic changes in such organs as the liver, 
spleen, kidneys, and adrenals, but, as these lesions have been adequately described 
by previous investigators and as they do not fall vrithin the restricted scope of the 
present report, detailed references to them will be omitted. 

As the result of this preliminary work it was e\ddent that gross 
atherosclerosis could be produced in the aortas of 4 to 6 month old 
rabbits in approximately 90 days by simply mixing cr^’^staUine choles- 
terol with the grain. It is probable that the lesions may appear in a 
shorter time, but a minimal survival period of 90 days was arbitrarily 
established as a requirement for inclusion in the series that follow. 

Effect of Whole Thyroid and of Thyroxin 

In view of the clinical obser\^ation that the blood cholesterol tends 
to be low in hyperthyroidism with a corresponding tendenc}’' to ab- 
normally high levels in myxedema, it was decided to ivy the effect of 
thyroid given concurrent^ with cholesterol upon the production of 
atherosclerosis. It was further decided to test the efficac}’ both of a 
whole gland product and of thyroxin. 
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Control Group: CliolesteroUFed, — This group contained 21 rabbits from 4 to 6 
months old. Cholesterol was added to the diet as in the preliminar}^ work. 

Seven animals died in 45 to 83 days and were discarded. Three of these had 
atherosclerotic lesions at 57, 69, and S3 days respectively. 

Fourteen rabbits were killed after 90 to 118 days. The results are given in 
Table I. Gross atherosclerotic lesions of the aorta were present in ever)^ case. A 
determination of the whole blood cholesterol by the method of Bloor, Pelkan, and 
Allen (2) was made in 11 rabbits from blood obtained shortly before the animal 

TABLE I 


Choleslcrol-Fed Rabbits Used as Controls for Thyroid Series 


Rabbit 

Sex 

Weight 

Duration 
of e.xperi- 
ment 

Choles- 
^ tcrol 
intake 

Blood 

choles- 

terol* 

Atherosclerosis 

Remarks 

No. 



of aorta 


■ 

ks^ 

ks. 

days 

gm. 

mg. per 
lOOcc. 



Al-4 


1.3 

1.8 

90 

35 

381 i 

Moderate 


Al-0 


1.7 

1.8 

98 

38 

532 

Marked 


Al-l 

■cW 

1.8 

1.8 

98 

38 

326 

Slight 


4-6 

M. 

2.2 

2.0 

108 

39 

— 

Marked 


4-8 

■■ 

1.8 

1.8 

108 

39 

— 

Marked 


A7 


1.5 

1.7 

113 

44 

397 

; Slight 


A8 

■9 

2.1 

2.4 

1 113 

44 

543 

Marked 


A1 

M. 

1.7 

1.8 

114 

44 

423 

1 Moderate 

0. consumption 

A2 

M. 

1.4 

1.7 

1 114 

1 44 

545 

i Marked 

per gm. per hr. 

A3 

■9 

1.5 

1.8 

114 

j 44 

58S 

Moderate 

0.472 cc. (aver 

A4 

■a 

1.9 

2.1 

114 

44 

790 

; Alarked 

age) 

A5 

M. 

1.6 

1.9 

114 

44 

484 

Slight 


A6 

F. 

1.8 

2.1 

114 

44 

714 

Marked 


5-0 

M. 

1.6 

2.1 

118 

39 

— 

Marked 


Avornpr 

520 








I 




* In a series of 25 normal rabbits the average blood cholesterol was found to be 
105 mg. witli a range from 82 to 169 mg. 


was killed. Cholesterol values in the blood ranged from 326 to 790 mg. per 100 
cc,, and averaged 520 mg. By the same method the blood cholesterol of 25 normal 
rabbits of a comparable age was found to average 105 mg. with a range of 82 to 169 

The Effect of ]Vho!e Thyroid . — Thirty rabbits were used in this group. Eacli 
animal received approximately 0.4 gm. of dried whole tluToid (Parke, Davis) as 
a powder together with 1 gm. of cholesterol mixed with the grain three times a week. 
Again it must be pointed out tliat, as in the case of the cholesterol, the dosage 
represents the maximal possible intake. The actual amount ingested was almost 
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certainly somewhat less. The rabbit exhibits a surprising tolerance to thjToid 
given by mouth. Weight loss, however, was usually marked in this series. One 
lot of animals was practically wiped out by a protracted period of hot weather that 
occurred during the th>Toid feeding, and it was necessary to intermit the feeding 
of the survivors (Nos. 7-3, 7-4, 7-5). 

Eleven rabbits in the group died in 30 to 77 days, ha\dng received 11 to 28 gm. 
of cholesterol and 5.2 to 10.8 gm. of th>T:oid. No gross atherosclerosis w'as present 
These animals were excluded from the series. 


TABLE n 

Effect of Whole Thyroid upon Production of Atherosclerosis by Cholesterol 


Rabbit 

No. 

Sez 

Wei 

Start 

gbt 

End 

Dura- 
tion of 
experi- 
ment 

Choles- 

terol 

intabe 

Thyroid 

intake 

Blood 

choles- 

terol 

Atherosclero- 
sis of aorta 

Remarks 



ks. 

ks. 

days 

gm. 

gm. 

mg. per 
100 cc. 



7-3 

F. 

1.9 

1.3 

90 

28 

10.8 

— 

0 


7A 

F. 

1.7 

1.4 

90 

28 

10.8 

— 

0 


7-5 

F. 

1.9 

1.3 

90 

28 

10.8 

— 

0 


A2-4 

F. 

1.7 

1.3 

90 

35 

14.0 

— 

0 

Died; hyperthyroid? 

Al-8 

M. 

1.9 

1.1 

93 

36 

14.4 

— 

0 

Died; hyperthyroid? 

A2-1 

M. 

1.7 

1.2 

95 

37 

14.8 

205 

0 


A2-8 

M. 

1.6 

1.1 

95 

37 

14.8 

140 

0 


A3-1 

F. 

1.9 

1.1 

95 

37 

14.8 

114 

0 


A2-7 

F. 

1.7 

1.4 

98 

38 

15.2 

291 

SUght 


Al-5 

F. 

1.9 

mm 

100 

39 

15.6 

261 

Moderate 

O 2 consumption per 

Al-6 

M. 

1.6 

n 

100 ! 

39 

15.6 

103 

0 

gm. per hr. 0.799 cc. 

A2-2 

M. 

1.8 

1.1 

100 

39 

15.6 

205 

0 

(average) 

Al-7 

F. 

1.1 

0.9 

107 

42 

16-8 

104 

0 


AI-9 

M. 

1.9 

1.5 

107 

42 

16.8 ! 

147 

0 


A2-S 

F. 

1.6 

1.2 

107 

42 

16.8 ' 

154 

0 



F. 

1.7 

1.2 

107^ 

42 

16.8 

132 

0 


A2-0 

M. 

1.9 

1.2 

108 

43 

17.2 

202 

0 


A2-3 

M. 

1.4 

1.4 

108 

43 

17.2 

167 

0 


A2-6 

F. 

1-7 

1.2 

: 108 

43 

17.2 

263 

0 


Average 

178 




Nineteen animals were killed or died in 90 to 108 da>’s. The results are shown 
in Table II. The cholesterol intake varied between 28 and 43 gm., and the th\’- 
roid from 10.8 to 17.2 gm. Atherosclerosis of the aorta was absent in 17 rabbits, 
while gross lesions were present in 2. In 1 of these (No. A2-7) the process was 
limited to a few small plaques in the descending thoracic aorta. The other rabbit 
(No. A 1-5) showed widespread thickening of the aortic intima, but the plaques 
were usually discrete and did not coalesce. 
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CHOLESTEROL ATHEROSCLEROSIS. I 


The whole blood cholesterol, detern(jn)»d in 14 animals shortly before they were 
killed, ranged from 103 to 291 mg. per 100 cc. with an average of 178 mg. Both 
rabbits with atherosclerotic plaques in the aorta had a hypercholesterolemia. 
One animal also had a considerably elevated blood cliolesterol (263 mg.) but no 
aortic lesions. 

The Effect of Thyroxin, — Each rabbit in the preceding group received a maximum 
of 1,2 gm. of whole th 3 Toid per week. This contained 1.4 mg, of tlmoxin. It was 
desirable to give each animal in the present group an equivalent amount of th}TOxin. 
However, it was decided to give 1.2 mg. instead of 1.4 mg. because the whole amount 
was to be injected subcutaneous^, and because the thyroid-fed rabbits probably 

TABLE III 


Effect of Thyroxin upon Production of Atherosclerosis by Cholesterol 


Rabbit 

Sex 

Weight 

Dura- 
tion of 

Choles- 

terol 

intake 

Thy- 

roxm 

intake 

Blood 

choles- 

terol 

Atherosclerosis 

Remarks 

No. 

Start 

End 

experi- 

ment 

of aorta 


■ 

kz. 

kg. 

days 

rm. 

mg. 

mg. per 
WO cc. 



A3-3 

B| 

1.4 

1.0 


35 

16.8 

317 

Slight 


6-3 

Bl 

2.7 

2.0 


29 

12.0 


Marked 


A3-9 

M. 

1.8 

1.3 


38 

16.8 


0 


A3-2 

F. 

1.7 

1.7 

107 

42 

19.2 


Marked 


A3-6 

M. 

1.6 

1.7 

107 

42 

19.2 

170 

0 


A3-S 

M. 

1.7 

1.4 

107 

42 

19.2 

348 

Moderate 


6-1 

M. 

2.4 

1.7 

108 

39 

13.2 

— 

IModeratc 


6-4 

F. 

2.1 

1.7 

108 

39 

13.2 

— 

0 


A4-0 

M. 

2.1 

1.6 

112 

44 

19.2 

658 

Moderate 


A4-1 

M. 

1.6 

1.3 

112 

44 

19.2 

379 

Marked 


A4-2 

M. 

1.8 

1.4 

112 

44 

19.2 

568 

IModeratc 

O 2 consumption per 
gm. per hr, 0.626 
cc. (average) 

Avnn'irn. 

399 









1 




did not cat all of the dried gland that was mixed witli their food. Therefore the 
slightly smaller dose seemed more nearly equivalent. 

Accordingh', each rabbit in this series was given the usual gram of cholesterol 
three times a week, and once a week received a subcutaneous injection of 1.2 mg. 
of thyroxin (Squibb) dissolved in n/ 50 NaOH. 

Of the 17 animals comprising this group, 6 died in 44 to SO days and «crc 
excluded from the series. The aortas of 5 of these rabbits were normal. The 
sixth rabbit, dying after 44 days and having received 17 gm. of cholesterol and /.- 
mg. of thyroxin, showed early, difTusc intimal lesions. 

Eleven rabbits were killed in 90 to 112 days. The results arc sho\^'n in labic 
III. Eight had slight to marked atherosclerotic changes in the aorta. The re- 
maining 3 animals had normal aortas both grossly and microscopically. 
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The blood cholesterol in 8 rabbits varit 1 .’rom 170 to 658 mg., and averaged 399 
mg. All the animals -with aortic lesions had a hypercholesterolemia. Rabbit A3-9 
had a blood cholesterol of 368 mg. but a normal aorta. This, in our experience, is 
an unusual combination. Another rabbit (No. A3-6) ^thout atherosclerosis had 
a relatively normal blood cholesterol of 170 mg. 

Discussion , — ^The facts presented in Tables I, 11, and IH maybe 
summarized as follows: 


Group 

No. of rab- 

Atherosclerosis 

Average 

blood 

cholesterol 

bits 

Present 

Absent 

Cholesterol 

14 

14 

0 

fr.z. 

520 

Cholesterol + thyroid 

19 

2 

17 

178 

Cholesterol + thyroxin 

11 

1 

8 

1 

3 

399 


The effectiveness of whole thyroid when given simultaneously with 
cholesterol in preventing the atherosclerosis and hypercholesterolemia 
caused by the latter is striking. The comparative ineffectiveness of 
thyroxin is equally marked. There is no obvious explanation for this 
difference in response, although the opportunity it affords for specula- 
tion is abundant. 

A similar effect of thyroid was noted in 1918 by Murata and Kata- 
oka who, in the transactions of the Japanese Pathological Society, 
reported that they had observed that the experimental arteriosclerosis 
produced by lanolin feeding was absent or slight in degree when 
thyroid feeding was combined with the lanolin (3). No amplification 
of this brief statement has been foimd. 

Another point of interest has to do with oxygen consumption. This 
was determined on 1 animal in each of the 3 groups through the 
kindness of Dr. Dickinson W. Richards, Jr. In spite of a substantial 
elevation of the basal oxygen consumption of both Rabbits Al-5 
(Table 11) and Ai-2 (Table III), ix. a good thyroid effect, gross 
atherosclerosis of the aorta was present, and the blood cholesterol was 
261 and 568 mg. respectively. 

Efcci of Potassium Iodide 

Potassium iodide has long been used empirically in patients with 
arteriosclerosis and has occasionally seemed of real benefit. Therefore 
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CHOLESTEROL ATHEROSCLEROSIS. I 


it was decided to try the effect in a group of rabbits of giving potassium 
iodide simultaneously with cholesterol. 

Because the efficacy of the cholesterol feeding metliod in causing the appearance 
of the aortic lesions had already been demonstrated it seemed permissible to use a 
smaller control group than had been employed previously. Seven rabbits ^\’ere set 
aside as controls and were given a gram of cholesterol three times a week according 
to the usual method. Unfortunately only 3 of these animals survived the requisite 
period of 90 days. These 3 rabbits were killed on the 98th day, having received 
39 gm, of cholesterol. The blood cholesterol was 658, 694, and 472 mg. respec- 

TABLE IV 


Effect of KI upon Production of Atherosclerosis by Cholesterol 


i 

Rabbit No. 

Sex 

We 

Start 

igbt 

End 

Duration 
of experi- 
ment 

Cholesterol 

intake 

. 

intake 

Blood 

cholesterol 

Atherosclero- 
sis of aorta 



kg. 

kg. 

days 

gm. 

gm. 

mg, ptr 
100 cc. 


A7-9 

F. 

1.8 

2.1 


39 

39 

197 

0 


M. 

2.1 

2.1 


39 

39 

154 

0 

A8-1 

M. 

l.S 

1.8 

99 

39 

39 

138 

0 

A8-2 


1.9 ! 

1.8 

99 

39 

39 

185 

0 

A8-3 

BB 

2.0 

2.1 

99 

39 

39 

135 

0 

A84 

IB 

1.4 

1.6 

100 

i 39 

39 

240 

1 0 

A8-S 

IB 

2.2 

1.9 

100 

39 

39 

248 

Marked 

A8-6 

M. 

2.1 

1.9 

100 

39 

39 

136 

0 

A8-7 

M. 

1.5 

1 2.0 

100 

39 

39 

255 

0 

A4-4 

F. 

1.6 

1.8 

112 

44 

44 

169 

0 

A4-5 

M. 

1.5 

1.6 

112 

44 

44 

111 

0 

A4-6 

M. 

1 

2.3 

2.3 

113 

44 

44 

231 

0 

Average 

e 






183 









lively. Atherosclerosis was evident in the aorta of each animal. In 1 it was 
classed as moderate in degree, while in 2 it was marked. Atherosclerotic changes 
were also present in 2 rabbits dying in 49 and 78 days respectively. In 2 other 
animals dying at 39 and 40 da3'S no lesions were present. 

The Effect of KI, — Twelve rabbits were fed a gram of cholesterol and a gram of 
potassium iodide — the latter in aqueous solution — three times a week. The 
animals in this group were killed after 99 to 113 days (Table IV). Atherosclerosis 
of tlie aorta was absent in 11, and present in only 1. It was, however, marked in 
this instance. The blood cholesterol ^’aricd between 111 to 255 mg. wdtli an aver- 
age of 183 mg. In 4 animals over 200 mg. of cholesterol per 100 cc. of blood were 
present, and in 3 of these no atlierosclerosis was found. The only rabbit in the 
series to develop athcromata had a blood cholesterol of 248 mg. 
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The Effect of KBr and KCL — To determine, if possible, whether the inhibiting 
effect of potassium iodide upon the development of the atherosclerosis produced hy 
cholesterol was due to the potassium ion or to the iodine, and to rule out a non- 


TABLE V 


Eff’ccl of KBr upon Production of Atherosclerosis hy Cholesterol 


Rabbit No. 

Sex 

Weight 

DuratioTj 

1 of experi- 
1 ment 

1 

Cholesterol 

KBr 

Blood 

Atherosclerosis 

Start 

End 

intate 

intake 

cholesterol 

of aorta 



ts. 

hS, 

days 

gm. 

gm. 

100 cc. 


A5-9 ' 

F. : 

1.4 

1.6 

100 

39 

39 

424 

Marked 

A6-2 

F. 

1.2 

1.7 

100 

39 

39 

297 

0 

A6A 

F. 

1.3 ! 

1-7 

100 

39 

39 

431 

Marked 

A6*5 

M. 

1.5 

1.6 

100 i 

39 

39 

431 

Marked 

A6-7 

M. 

1.8 

2.1 

100 i 

39 

39 

325 

Marked 

A6-0 

M. 

1.6 

1.2 

101 : 

39 

39 

293 

Marked 

A6-8 

F. 

1.6 

1,2 

101 

39 

39 

798 

Moderate 

Avpraop 

428 
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TABLE VI 


Effect of KCl upon Productiofi of Atherosclerosis by Cholesterol 


Rabbit No. 

Sci 

Weight 

! Duration 

1 of experi- 
j ment 

Cholesterol 

KCl 

Blood 

Atherosclerosis 

Start 

; End 

intake 

intake 

cholesterol 

of aorta 



kr- 

H. 


gns. 

gm. 

rrr. per 
JOOcc. 


A7-6 

M. 

1.5 

1.4 


39 

39 


Moderate 


F. 

2.0 

2.0 


39 

39 


Alarked 


M. 

1.6 

1.9 

101 

39 

39 


Moderate 


F. 

1.3 

1.6 

101 

39 

39 

403 

Marked 

Wr « 

F. 

2.3 

2.2 

101 

39 

39 

765 

Marked 


F. ' 

1.5 

1.9 

102 

39 

39 

309 

Moderate 

Wr 8 

F. 

1.4 

1.9 

102 

39 

39 

544 

Marked 

HE 8 

M. 

1.6 

1.8 

102 

39 i 

39 

119 

0 


F. 

1-6 

1.8 

102 i 

39 ! 

39 

284 

Moderate 

Hg| 

M. 

1.4 

1.6 

102 

39 

39 

436 

Moderate 

Av’prape. 

429 








1 



specific halogen action, a group of rabbits was fed with cholesterol and potassium 
bromide and a second group was given cholesterol and potassium chloride. 

The results obtained \sith potassium bromide feeding are shown in Table V. 
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CHOLESTEROL ATHEROSCLEROSIS. I 


Each rabbit received the usual gram of cholesterol three times a week together 
with a gram of KBr in aqueous solution. Of the 7 rabbits in the group, 6 de- 
veloped gross atherosclerosis. These animals showed a blood cholesterol ranging 
from 293 to 798 mg. The seventh animal had a normal aorta, macroscopically 
and microscopically, although a h3'percholesteroIemia was also present. The 
average blood cholesterol for the group was 428 mg. 

There were 10 rabbits in the group given cholesterol and potassium chloride 
(Table VI). Nine developed atherosclerosis. All had a hj'percholesterolemia of 
from 284 to 765 mg. The one animal in this group that did not show atheroscle- 
rosis was the onty one with a normal blood cholesterol. The average value for tlie 
cholesterol in the blood in the 9 rabbits in which it was determined, was 429 mg. 

Discussion . — The effects of KBr, KCl, and KI upon the atlierosclero- 
sis produced in the aorta of rabbits by feeding cholesterol may be 
summarized as follows : 


Group 

No. of rab- 
bits 

Atherosclerosis 

Average 

blood 

cholesterol 

Present 

Absent 





frtg. 

Cholesterol 

3 


0 

60S 

Cholesterol + KBr 

/ 


1 

428 

Cholesterol + KCl 

10 


1 

429 

Cholesterol + KI 

12 

1 1 

11 

183 


The effectiveness of potassium iodide in preventing cholesterol 
atherosclerosis when administered simultaneously with tlie cholesterol 
is apparent. That this is due to the iodine and not to the potassium 
and that it is not a general halogen effect is suggested by the in- 
adequacy of both the bromide and chloride. 

Liebig (4) was the first to report a retarding influence of iodine upon 
cholesterol atherosclerosis in rabbits. Using an organic iodine prepa- 
ration he at first was able to demonstrate no effect. Later, after 
increasing the amount of iodine administered, he -was able to prevent 
the development of lesions in 3 of the 4 rabbits used. Subsequently 
(5) he stated that he had increased his series to 28 animals and that 
in 75 per cent he found either no lesion or only slight lesions in the 
aorta. No protocols were given. 

Seel and Creuzberg (6) fed 3 rabbits cliolesterol and egg yolk for .>0 
days. The serum cholesterol showed a prompt rise, with a fall to 
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normal within 3 weeks after cholesterol was stopped. The animals 
were killed later and it was stated that more or less atherosclerosis 
was found in the aortas. Three other rabbits were given cholesterol 
in the same manner for 30 days and then given an organic iodine 
preparation. There was no atherosclerosis when the rabbits were 
autopsied later. Finally, to 3 rabbits cholesterol and then potassium 
iodide were given. Aortic lesions were absent in 2, present in 1. 
Because of the importance of the time factor in the development of 
atheromatous lesions after cholesterol feeding, this work fails to be 
convincing, as 30 days seem too short a time to ensmre the presence of 
aortic changes. 


SUMMARY 

1. Whole thyroid gland when administered simultaneously with 
cholesterol prevented the atheromatous changes produced by the 
latter in the aorta of rabbits in 17 of 19 animals. 

2. In this series thyroxin was less effective, as atherosclerosis 
occurred in 8 of 11 rabbits. 

3. Potassium iodide also exerted a strong protective action as aortic 
lesions were present in only 1 of a series of 12 rabbits fed cholesterol 
and potassium iodide concurrently. 

4. The effectiveness of potassium iodide was not shared by potas- 
sium bromide or potassium chloride. 

5. A relationship was noted between the level of the cholesterol in 
the blood and the development of atherosclerosis. In general, the 
aortic lesions accompanied a hypercholesterolemia. 
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ATHEROSCLEROSIS IN RABBITS 

II. The Iotluence of Thyroidectomy upon the Protective 
Action of Potassium Iodide 
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In a previous paper (1) it was reported that both whole thyroid 
and potassium iodide were effective in preventing the atherosclerosis 
and hypercholesterolemia produced by feeding rabbits cholesterol. 
The mechanism of this protective action was obscure. Because of the 
prominent place occupied by the th)n:oid gland in the metabolism of 
iodine it seemed an obvious and logical step to remove the thyroid and 
to determine the effect of this procedure upon the efficacy of potassium 
iodide administered to these animals simultaneously with cholesterol. 

Dutch belted rabbits were used together with a few of a mixed breed. The 
animals were about 4 or 5 months old at the beginning of the experiment. They 
were divided into 3 groups. About half of the animals in each group were thyroid- 
ectomized. A midline incision v.’Vls made over the trachea. The thyroid was 
exposed and dissected out as completely as possible. Care was taken to avoid 
removing the external parath>Toids. This operation is a comparatively simple 
procedure in young rabbits, and it is borne well by them. 

All of the animals were kept indoors, in indi\ddual cages, and were fed a stock 
diet of oats, an alfalfa and molasses mixture, and fresh vegetables. The th\Toid- 
ectomized animals were apt to eat poorly for a week or two after the operation and 
lost weight during this period. Thereafter they ate normalb' and gained back the 
weight lost although they did not tend to become obese. 

A blood cholesterol determination was made on each rabbit ever>^ 10 days by 
the method of Bloor, Pelkan, and Allen (2). Blood studies up>on the th>Toidecto- 
mized rabbits were not started as a rule until 2 weeks after the operation when the 
animals were again eating normally. Observations were continued for as long as 
110 days. 
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CHOLESTEROL ATHEROSCLEROSIS. II 


Group I . Control Rabbits . — In this group there were 5 normal rabbits 
and 7 that had been thyroidectomized. They were given the regular 
diet without the addition of cholesterol. The results are shown in 
Tables I and II. 

Although rather marked variations appeared in the blood cholesterol 
values in animals of the same group and in the same animal at different 
times, the general level was about the same for both the normal and 
the thyroidectomized rabbits. If anything, it was slightly higher for 
the latter. 

No atherosclerosis of the aorta was found in any rabbit of this 
group. In two instances a slight amount of thyroid regeneration had 


TABLE I 

Normal Animals. Regular Diet 


Rabbit 

No. 

Sex 

Weight 



Blood cholesterol, mg 

. per 100 cc. 



Atherosclerosis 
of aorta 

Remarks 

B 

w 

T3 

C 

W 

Days 

1 

10 

20 

30 

1 

50 

M 


1 

90 

n 

m 




ks^ 















1-31 

F. 

1.8 

2.5 

123 

134 

134 

128 

144 

117 

117 

99 

139 

94 

114 

hiH 

0 

Killed, day 110 

1-32 

M. 

1.9 

2.1 

111 

155 

115 

EE 

ilH 

110 

99 

iBE 

90 

98 

104 

94 

0 

Killed, day HO 

1-33 

M. 

1.6 

1.9 

92 

135 

113 

91 

115 

iPfl 

92 

81 

95 

92 


im 

0 

Killed, day 110 

1-34 

M. 

1.7 

1.9 

89 

125 

98 

80 

ipM 

144 

98 

93 

114 

94 


94 

0 

Killed, day HO 

1-35 

F. 

1.7 

2.5 

124 


156 

107 

117 



94 

126 

97 

85 

99 

0 

Killed, day HO 

Average 

108 

151 

123 

99 


123 

99 

94 

113 

95 

98 

98 

, 




occurred, presumably from failure to effect complete removal of the 
upper poles at operation. 

Group II. Rabbits Fed Cholesterol . — There were 5 normal and 7 
thj'-roidectomized rabbits in this group. All received the stock diet 
to which w’as added a gram of cholesterol per animal three times a 
week. The results are given in Tables III and IV. 

Four of tlie intact animals show’ed a prompt, pronounced rise m 
blood cholesterol by the 20th day. One of these died on day 42 and 
had no aortic lesions, as was to be expected after so short a feeding 
period. Atherosclerosis was present in the aortas of the other 3 at 
110 days. 



















KENNETH B. TURNER AND GEORGE B. KHAYAT 


129 


The fifth intact rabbit did not at any time show as marked a h}^er- 
cholesterolemia as did the others. Despite this it developed athero- 
sclerotic lesions. This is the only instance we have encountered of a 
rabbit with a normal or only slightly elevated blood cholesterol 
developing atherosclerosis of the aorta. 

All of the thjrroidectomized rabbits showed a prompt rise in blood 
cholesterol of approximately the same magnitude, however, as that of 


TABLE n 

Thyroideclamized Animals. Regular Diet 




Weigbl 



Blood cholesterol 

mg. per 100 cc. 



-S 
*35 
, o 


Rabbit 

No. 

Sex 








Days 






*3 5 
, o c 

c= 

Remxrhs 



c3 

tn 

•a 

c 

1 

■ 

H 

El 

■ 

SO 

m 

, 70 

80 

190 

t 


1 no 

5"® 

< 




kS. 

ks. 











1 

1 



144 

M. 

14 

1.8 

98 

135 

170 

1 

168 

1 

1 

141 

! 

1112 

137 

134 

i 92 

169 

93 

106 

0 

Kflled, day 110. 
Some th 3 aoid 
regeneration 

145 

M. 

1 

2.0 

2.5 
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M. 
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92 

98 

117 
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113 
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90 
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M. 

1.9 

2.2 

96 

80 

101 

122 

134 

90 

94 
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101 

90 

82 

1 

104 

0 

Killed, day 110. 
Th 3 Toids out 

Average 

... 


99 

131 

151 

156 

125 

123 

123 

118 

97 

127 

105 

100 
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the normal animals fed cholesterol. Three of the 7 rabbits died in 38 
to 59 days and, at autopsy, were free from atherosclerotic changes in 
the aorta. One rabbit died on day 79 and had moderate aortic 
atherosclerosis. The remaining 3 animals were killed after 110 days. 
These all showed atherosclerosis. Thyroid regeneration had occurred 
to a slight degree in 1 rabbit. 

Group III. Rabbits Fed Cholesterol and KI , — Six normal and 8 
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TABLE IV 

ThyToidcctoiuizcd Rabbits Fed Cholesterol 

Blood cliolcstcrol, mg, per 100 cc. 
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thyroidectomized rabbits were used in this group. Each animal 
received the regular diet to whidi was added a gram of cholesterol and 
a gram of potassium iodide in aqueous solution three times a week. 

The 6 normal rabbits in this group fed cliolesterol and potassium 
iodide survived for 110 days (Table V) at which time they were killed. 
No atherosclerosis could be demonstrated. This agrees with the 
observation made in our previous work (1), that potassium iodide 
administered simultaneously with cholesterol prevents the athero- 
sclerosis regularly produced by the latter. The blood cholesterol 
values of these 6 rabbits were similar in general to those of the animals 


TABLE V 

Normal Rabbits Fed Cholesterol and KI 


Rabbit 

No. 

Sex 

Weight 

Blood cholesterol, ntg. per JOO cc. 

Atherosclerosis 
of aorta 

Remarks 

Start 

’V 
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W 

Days 

1 

D 

20 

Bjj 

■ 

50 


IRI 

80 

■ 

■ 

no 
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1-41 


1.3 

1.6 



nSi 

175 

183 

175 

254 

268 

147 

148 

199 



Killed, day 110 

1-42 

li 

1.9 

2.1 



191 

228 

163 

191 

229 

276 

212 

234 

268 

279 


Killed, day 110 

1-43 

M. 

1.6 

2.0 

134 


iRffl 

— 

139 

ro!! 

m 

134 

159 

147 

143 

187 


Killed, day 110 

1-44 

M. 

1.7 

2.1 

114 

94 

187 

118 

no 

97 

m 

145 

144 

156 

113 

134 


KUled, day 110 

1-45 

F. 

1.4 

1.5 

165 

144 

144 

146 

204 

125 

187 

141 

228 

195 




Killed, day HO 

1-46 

M. 

1.7 

1.7 

142 

117 

122 

163 




156 

169 

162 

115 

135 


Killed, day 110 

Average 

146 

164 

16S 

166 

148 


171 

187 

177 

174 

174 

218 




in the control group, although the averages tended to run somewhat 
higher particularly in the later days of the experiment. 

It is of interest that an additional rabbit, not included in the table, 
that had had only one lobe of the thyroid removed at operation, 
behaved in all respects similarly to the intact animals. Its blood 
cliolesterol at the beginning was 170 mg., and after 110 days, during 
which it averaged 1S6 mg., the final value was 184 mg. At autopsy 
no atherosclerosis was present. This suggested that the protective 
cfiect of the iodide could be maintained after the removal of half the 
thyroid tissue. 

The S thyroidectomized rabbits (Table VI) all showed a rise in blood 
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cholesterol comparable to that occurring in the animals in Group II 
fed cholesterol without potassium iodide. In 2 rabbits, however, this 
rise was somewhat delayed. 

The administration of potassium iodide and cholesterol was discon- 
tinued in 2 animals, as will be mentioned later, after the rise in blood 
cholesterol had occurred. Two rabbits died in 19 and 41 days re- 



Fig. 1. Curves representing the average blood cholesterol values are given for 
both the intact and thyroidectomized rabbits in the 3 e.'cperiniental groups over a 
period of 1 10 days. The important fact is demonstrated that the blood cholesterol 
of normal intact rabbits fed cholesterol and KI approximates that of the con- 
trol group, while the blood cholesterol of thyroidectomized animals fed choles- 
terol and KI parallels that of the group fed cholesterol alone. 

spcctively. No atherosclerosis was found. One died after 56 days. 
Karly diffuse atherosclerotic changes were present. Three animals 
survived 110 days and were then killed. All showed atheromatous 
lesions in the aorta. No thyroid regeneration occurred in the rabbits 
of this group. 

'J'he average blood cholesterol values of the 3 groups, normal and 
thyroidectomized. are plotted for the 110 day period in Fig. 1- I be 
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important fact that this figure demonstrates is that the blood choles- 
terol of normal intact rabbits fed cholesterol and potassium iodide 
follows closely that of the control group; w'hile the cholesterol in the 
blood of the thyroidectomized animals fed cholesterol and potassium 
iodide parallels that of the group fed cholesterol alone. 

Two rabbits (Nos. W8-6 and A9-7), mentioned above, deserve 
further comment. A thyroidectomy was performed on these rabbits, 
following which they were given potassium iodide and cholesterol for 
30 days in one case and 43 days in the other. Both responded wdth 
a prompt rise in blood cholesterol (Table VI). The administration 
was then stopped for a period of approximately 6 months during which 
the animals were given a normal diet. The cholesterol and potassium 
iodide were again resumed and continued for 110 days. This time, 
in contradistinction to the first period of feeding, no significant rise in 
the blood cholesterol occurred. In other words, these th 5 noidectom- 
ized animals reacted in the maimer of intact rabbits fed cholesterol 
and potassium iodide. The reason for this was apparent when the 
animals were autopsied. Each showed a mass of vascular, regenerated 
thyroid tissue as large as or larger than the normal thyroid in size. 
Probably this regeneration had occurred during the period in which 
the feeding was interrupted and had progressed to such a degree that, 
when the experiment was resumed, the amoimt of th}u:oid tissue was 
adequate for the protective action of potassium iodide to take place. 

CONCLUSIONS 

1. Thyroidectomy in itself does not cause a rise in blood cholesterol 
or the development of atherosclerosis in young rabbits. 

2. Feeding cholesterol produces hypercholesterolemia and athero- 
sclerotic lesions in rabbits regardless of the presence or absence of the 
th 3 T:oid glands. 

3. Potassium iodide prevents the usual h 3 q)ercholesterolemia and 
atherosclerosis of the aorta in normal rabbits fed cholesterol, but when 
the thyroids are removed this protective action disappears. 
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The antibody titer of a serum has usually been given in terms of the 
highest dilution at which it will agglutinate, hemolyze, or precipitate 
the antigen, in terms of the volume of toxin it will neutralize, in 
terms of the optimal proportion in which flocculation with antigen 
takes place, in terms of mouse protection — all relative and often 
inaccurate measures giving no idea whatsoever of the actual mass of 
antibody involved- The dilution methods, particularly, are subject 
to an error of 50 to 100 per cent in the decision as to which tube is the 
last positive one. 

For the quantitative measurement of predpitins one need no longer 
be dependent upon such methods- With the recognition of antibodies 
as modified serum globulins (1) and with the establishment by the 
writers of the conditions for their maximum predpitation (2) an abso- 
lute method for the estimation of predpitating antibodies has been 
worked out (3), based on the earlier use, by Wu and his coworkers (4), 
of the micro Kjeldahl method for the analysis of antigen-antibody 
predpitates. The first application of this method was in the stand- 
ardization of Type I antipneumococcus horse sera (3), in which the 
writers, vith Sia, showed a parallel between mouse protection and the 
maximum amount of spedfically predpitable protein, a relation which 
was confirmed by Felton (5). A preliminary report was then made 
on the amounts of antibody produced following injection of a red azo 

* The work reported in this commxuucation was carried out under the 
Research Fund of the Presb>lerian Hospital- 
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dye, R-salt-azo-benzidine-azo-crystalline egg albumen (6). Culbert- 
son has also used the method in a study of the crystalline egg albumen- 
antibody system and devised a modification suitable for that system 

(7) . The method may also be reversed, and used for the micro deter- 
mination of precipitating haptens such as specific polysaccharides 

(8) , or for antigens. A similar method for the analysis of antigen- 
antibody precipitates has been employed by Marrack and Smith (9), 
while the optimal proportions method has been proposed botli for the 
determination of antigen (10) and of antibody (11). 

In the quantitative determination of antibody in an antigen-anti- 
body system it is necessarj’’ to distinguish between two kinds of protein, 
since both antigen and antibody are, as far as is known, proteins. 
This problem was first solved in two ways by Wu and his collaborators 
(4) by using hemoglobin and iodoalbumen as antigens and determin- 
ing their amount in the specific precipitate by appropriate methods. 
Unfortunately, Wu’s studies extended over only a portion of the 
reaction range, and at the time the conditions for the maximum pre- 
cipitation of antibody were not understood. 

To the writers it seemed that the simplest way of distinguishing 
between antigen and antibody nitrogen (or protein) would be to employ 
colored antigens such as the azo proteins which had proved so valuable 
in the study of the chemical basis of specificity by Landsteincr(12) 
and by Avery and Goebel (13). For the purpose of a quantitative 
study of the relations between antigen and antibody in the precipitin 
reaction it was felt that a crystalline protein, such as egg albumen, 
should be used, and that it should be coupled noth a more intensely 
colored dye than had been found necessar}’- by these workers, in order 
tliat colorimetric determination of tlie antigen in precipitates or 
supernatants might be as accurate as possible. It was also felt that 
the azo antigen should be freed from components showing the original 
egg albumen specificity in order to eliminate the necessity of using a 
second azo antigen in the quantitative precipitin tests. A purplish 
red disazo dye, R-salt-azo-benzidine-azo-egg albumen, was finally 
isolated in a form which satisfied these requirements and was used m 
the quantitative studies on antibody production referred to above, 
and in a study of the mechanism of the precipitin reaction (6). Since 
this preliminary report azo proteins have been found useful in quanti- 
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tative work by Marrack and Smith (14) and by Breinl and Hauro- 
witz (15). 

The quantitative studies on the mechanism of the precipitin reac- 
tion between R-salt-azo-benzidine-azo-egg albumen and its homol- 
ogous antibody will be reported in detail in a separate communica- 
tion. The present paper deals with quantitative observations on 
precipitin production in rabbits following multiple injections of known 
amounts of the azo antigen. 

EXPERIMENTAL 

L Preparation of the Azo Protein.— QM gm. of benzidine was dissolved in 100 
cc. of water containing 3 cc. of 1 : 1 hydrochloric acid and tetrazotized at 7-8°C. 
with an aqueous solution of 0.35 gm. of sodium nitrite. The solution was poured 
into a chilled solution of 3 gm, of sodium acetate in 500 cc, of water, and to this 
was added a solution of 0.87 gm. of R-salt in 100 cc. of water. The R-salt was an 
especially pure preparation supplied through the kindness of Dr. hi. L. Crossley 
of The Calco Chemical Company. The mixture slowly reddened, but the coupling 
was not completed imtil 20 cc. of normal potassium carbonate solution had been 
added. The intensely colored solution now contained tetrazotized benzidine 
coupled on one side with R-salt, but with the other diazo group free. 

Three times recrj'stallized egg albumen (16) was dialyzed free from ammonium 
salts and 6 gm, of the protein in 1 liter of water at room temperature were made 
alkaline with 40 cc. of 2 N potassium carbonate solution. 100 cc. of the above 
diazo solution were then run in every 10 to 20 minutes as tests made by adding a 
few drops of the solution to carbonate-containing R-salt solution showed coupling 
to be complete. After a total of 600 cc. of diazo solution had been run in 20 cc. 
more of 2 n potassium carbonate solution were added. WTiile egg albumen is 
capable of combining with somewhat more diazo solution than the amount actually 
used, it was considered advisable not to continue the coupling process to the limit, 
as in other cases this had resulted in insoluble complexes. Potassium carbonate 
was used since potassium salts of the diazo component and the coupled protein dye 
appeared to be less easily salted out at the above concentrations than did the 
sodium salts. 

The dye protein solution was next chilled and acidified with acetic add imtU 
flocculation first occurred, the optimum pH range varying from 4.6 to 4.2 in 
different preparations. The bicolor standard method was used (17), adding blank 
tubes of the pink supernatant. In this way good readings could be obtained with 
bromocrcsol green. The main supernatant, on acidification with more acetic 
acid, rielded less highly colored material, and this was either discarded or added 
to a subsequent preparation. 

The crude R-salt-azo-benzidine-azo-egg albumen was collected by centrifuga* 
tion, dissolved in about 750 cc. of water with the minimum amount of n sodixim 
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carbonate solution, centrifuged to remove a small amount of violet-colored insoluble 
material, and again acidified with the minimum amount of acetic acid required for 
flocculation.! In this way small amounts of less highly colored protein, reactive 
with anti-egg albumen serum, generall}^ remained in solution, so that under opti- 
mal conditions 20 to 25 repetitions of the process resulted in recovery of the main 
portion of the azo protein as a clear, purplish red solution which no longer precipi- 
tated anti-egg albumen senun.^ 

In order to remove non-protein dye impurities the mixture was centrifuged as 
sharpl}^ as possible after the fifth or sixth precipitation and stirred in a freezing 
mixture with chilled acetone for ^ hour. After centrifugation (always in the cold) 
the dark red supernatant was discarded and tlie precipitate taken up in cold 
water and redissolved and reprecipitated as before. The acetone treatment usually 
resulted in denaturation of a small portion of the dye. 

In one preparation 17 reprecipitations with acid sufficed to reduce the content of 
substances reacting mth anti-egg albumen serum so that solutions as strong as 
0.2 per cent failed to precipitate the serum. However, sera of rabbits immunized 
with the dye are precipitated by suitable concentrations of egg albumen. Quan- 
titative experiments have indicated that it is not anti-egg albumen, but antibody 
to the dye which is precipitated by egg albumen from these sera. The details 
toII be presented separately. 

In another preparation 25 reprecipitations failed to remove impurities reactive 
with anti-egg albumen serum. The solution was then adjusted to 0.5 per cent 
phenol concentration and allowed to stand over the summer in the ice box, freezing 
solid during the period. After the ice had been melted it was found that much of 
the azo protein had been denatured. The entire mixture was diluted to 1.5 liters, 
stirred for 2 hours at room temperature after addition of 75 cc. of N sodium car- 
bonate solution, stirred 2 hours longer in the cold, and was finally centrifuged. The 
precipitate was again extracted vdth very dilute sodium carbonate solution and the 
insoluble residue was discarded. The extracts were precipitated with acetic acid 
and solution and reprecipitation repeated five times, after which the dye, when 
redissolvTd, no longer reacted with anti-egg albumen serum. It tos also possible 
in this case to sterilize the solution by filtration through a Berkefeld V candle, a 
process which had been unsuccessfully attempted with the preceding batch. 

As a final step, the dye solution was ultrafiltered in the ice box through a col- 
lodion membrane and repeatedly washed with sterile 0.9 per cent saline. The 
wnshings were colorless at first, owing to adsorption of the d>'e by the porous 
eartlienware support of the membrane, but eventually much colored material 
passed through and this wns not precipitable by acetic acid or by antiserum to the 
dye. Washing was discontinued w’hen the color of the filtered solution became 


^ All operations were conducted in the cold, and a refrigerating centrifuge, 
manufactured by the International Equipment Company, Boston, vras used. 

- Four sera of high antibody content, kindly supplied by Dr. J. T. Culbertson, 
\ielded traces of precipitate after centrifugation in the cold. 



HEIBELBERGER, KENDALL, AND SOO HOO 


141 


less intense than that of a 1 : 100,000 solution of the dye. The filter contents were 
then centrifuged to remove traces of violet precipitate and the dye solution was 
standardized by analysis for nitrogen by the micro Kjeldahl method. The azo 
protein was found to contain 14.6 per cent of nitrogen on the ash-free basis. The 
solution was kept sterile in the ice box by the occasional addition of a drop of 
chloroform. 

2, Immunization of Rabbits with the Azo Protein, — ^In all but one series the injec- 
tions were given intravenously. Four daily injections were given each week for 
4 weeks, after which bleedings were made on the day indicated. Many animals 
were given additional courses of 2, 3, or 4 weeks. In only a few instances were 
more than 2 or 3 mg. injected at one time. The procedure used for each group 
of animals is summarized in the tables. 

Material for the experiments summarized in Table II was obtained as follows: 
1.5 cc. of a solution of the ultrafiltered azo protein containing 13.8 mg. were diluted 
to 10 cc. and treated with 0.08 cc. of 0.1 n acetic acid, an amoimt insufficient to 
precipitate the dye but adequate to increase the amount adsorbed by collodion 
particles over the amount taken out in neutral solution. The dye solution was 
rinsed into a suspension of collodion particles which had been prepared in the 
usual way by dilution of an acetone solution of collodion with water and rejection 
of the coarse particles. The mixture was stirred occasionally during several hours, 
allowed to stand overnight in the ice box, and was then centrifuged. The super- 
natant was poured into a volumetric flask and to it were added the next two wash- 
ings with water. A third washing with saline extracted no more dye. The 
amount of dye left in the supernatant was determined colorimetrically by com- 
parison with a solution of known concentration, giving, by diflerence, the amount 
adsorbed on collodion. The suspension was then diluted with saline (plus 0.01 
per cent merthiolate) so that 50 cc. of suspension, the amount used for 16 injec- 
tions, contained 0.55 mg. of dye. The initial dose was 1.0 cc. and this was gradu- 
ally increased, so that at the end the rabbits each received 5,0 cc. Eight animals 
were injected in this way. The 50 cc. of suspension contained 140 mg. of 
collodion. 

The remaining animals which received smaller amounts of collodion-adsorbed 
dye were in earlier series. 

For comparison with the ei^t animals receiving 50 cc. of the collodion suspen- 
sion, five rabbits were treated with identical doses of a solution of the dye at the 
same dilution, and five more with a suspension of the same concentration con- 
taining 14 per cent by volume of 1 per cent alum solution (18). 

In the last three lines of Table II are summarized the data on a number of rab- 
bits injected with stronger solutions and more concentrated alum suspensions of 
the azo protein. 

3. Determination of the Maximum Amount of Prccipitahlc Antibody in the Sera , — 
In the original method (3) the precipitate formed by the specific pol>*s3ccharide of 
T,%pc I pneumococcus and its homologous antibody w’as washed only once with a 
1 : 20,000 solution of specific pol>*saccharidc in saline. It has since been found (8) 
tmneccssaty* to add the specific carbohydrate to the w'ashing fluid, nor does disso- 
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ciation occur in the azo protein-antibody system when the precipitate is washed in 
the cold with 0.9 per cent saline alone. Two washings are also necessar}^ (8) if 
complete removal of non-specific serum proteins is desired. The method follows 
as applied in the present instance: 

Depending on the intensity of a preliminary rapid qualitative test with 1 : 10,000 
dye, amounts of serum ranging from 0.5 to 4.0 cc. are used. A number of sera 
may be analyzed at one time. The sera should be measured in duplicate with 
accurately calibrated pipettes into wide agglutination tubes (10 mm. inside 
diameter x 75 mm.) or Wassermann tubes, depending on the amoimt of serum 
used. Blanks should also be run in duplicate and saline added to these instead of 
dye solution. If less than 2 cc. of serum have been used the volume should be 
made up to 2 cc. with saline. An amount of a 1 : 1000 solution of the dye in saline 
is then added sufficient to provide a slight excess of the dye. Not more than 0.10 
cc. should be added in the case of sera containing less than 0.1 mg. of precipitable 
antibody per cc. (3 to 4 cc. samples), and the volume of stronger sera should be 
chosen so that not more than 0.2 or 0.3 cc. of the 1:1000 dye solution need be 
used. Calibrated pipettes are not necessary for the dye. The tubes are plugged 
and the contents carefully and thoroughly mixed by a rotary motion imparted by 
drawing the fingertips rapidly and repeatedly diagonally down the side of the 
tube. The tubes are set in the water bath and may be centrifuged, if desired, as 
soon as the precipitate begins to settle, in order to make sure that an excess of 
dye has been added. If the supernatant is not definitely pink as compared with a 
blank on the same serum, 0.05 to 0.1 cc. more of the dye dilution should be added 
at a time until a definite excess is present. Supernatants should not contain so 
large an excess as to be definitely red, as many sera show a marked inhibition zone 
beginning with surprisingly low concentrations of antigen in excess. If the super- 
natants are red, more serum should be added to the determinations and blanks, 
or a new anal 3 ^sis started. In the case of weak sera the precipitates are often very 
slow in forming. The tubes are allowed to stand 2 hours in the water bath at 3/ 
and overnight in the ice box, or else may be left at room temperature for a period 
and then overnight in the ice box, or may be immediately put into the ice box for 
15 to 18 hours. The rabbit antisera tested in this laboratoiy'' have given identical 
results under these conditions, except that the precipitate forms at a slower rate in 
the cold. The s>'s terns tested have been d}'e-antidye, egg albumen and its homol- 
ogous antibody, and T}'pe III pneumococcus specific polysaccharide and rabbit 
anti-Tjqje III pneumococcus serum, so that in these cases there would seem to be 
no basis, except on the ground of increased speed of reaction, for the current 
immunological practice of allow’ing precipitin tests to stand 2 hours at 37® before 
placing in the ice box overnight. This observ'^tion docs not apply to immune 
horse sera, in which the differences found are being subjected to closer study. 

After the tubes have stood overnight they are centrifuged in the refrigerating 
centrifuge or in carriers containing ice w*atcr for 15 to 20 minutes at about 1500 
revolutions per minute. The supernatants are then carefulh' decanted and the 
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tubes are inverted, allowed to drain 5 minutes, and the mouths wiped with filter 
paper. The tubes are placed in ice water and 0.5 cc. of ice-cold saline is added 
to each. The contents are mixed as before and the red precipitates should be 
thoroughly disintegrated in order to insure as complete removal of non-specific 
protein as possible. The tubes are then rinsed down with 1.5 cc. of ice-cold 
saline in the case of the small tubes and 2.5 cc, for the Wassermann tubes and 
again mixed. 

Blank tubes which show no whirl when the contents are mixed at the first or 
second washing may be discarded, as imder these conditions the blank to be 
deducted in the nitrogen determination is no larger than that on the reagents 
alone. 

While the tubes are standing in ice water for J hotir the original supernatants 
should be tested as a control for the presence of a slight excess of dye. To one 
0.5 cc. portion of the mixed duplicate supernatants from each serum is added 
0.1 cc. of a 1:10,000 dye solution, to another, 0.2 to 0.3 cc. of the blank super- 
natant from a serum which has given a heavy precipitate. There should, of 
course, be no precipitate in the tube to which additional dye was added, while the 
tube to which antiserum was added should show a slight turbidity within 2 hours 
or at least a slight precipitate on standing overnight in the ice box. 

After i hour in the cold the washed precipitates are centrifuged, decanted, and 
drained as before, and again washed as above with 1.5 or 2 cc. of chilled saline, 
depending on the size of tube. After standing for § hour in ice water, the tubes are 
finally centrifuged, decanted, and drained. The precipitates are covered with 
1.5 to 2 cc. of water, loosened from the bottom of the tube by rotating as before, 
and dissolved by the addition of 2 to 3 drops of K sodium hj’droxide solution. 

The amount of azo protein in the precipitate may be determined by making up 
the volume of the solution to 5.0 or 10.0 cc, and comparing the color with that of a 
known solution of the dye containing the same amount of alkali and a few milli- 
grams of added colorless protein. Since the ratio of dye to antibody in the precipi- 
tate has been found in this laborator>’‘ to average 1 : 7 at the equivalence point 
(for definition see (2, 6, 1^)), the determination of antigen in the precipitate may 
be omitted if it is desired to accept this figure. In the application of the method 
to any other antigen it would be necessary' to determine this ratio for the system 
used (c/., for example, (7)). 

The solution of the precipitate is rinsed quantitatively into a micro Kjeldahl 
flask and the nitrogen determined by any standard procedure. The Pregl method, 
slightly modified, was used in the present work. Nitrogen found X 6.25 = spe- 
precipitated protein in the sample. Total protein minus antigen protein 

= antibody. For the determination of the total amount of circulating 

antibody in the animal the blood volume was taken as 5.5 per cent of the weight 
at the time of bleeding, accordmg to Meek and Gasser (19), and the serum volume 
as one-half of the blood volume. 


cifically 
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DISCUSSION 

L Precipitin Content of Rabbit Sera as Influenced by the Period 
betwee7i Final Injectio7i and Bleedmg, — ^In Table I is given a summary 
of antibody determinations on sera taken at various periods after the 

TABLE I 


Influence of Days between Last Injection and Bleeding^ also of Repeated 
Bleedings, on Precipitin Content of Rabbit Sera 


Rabbit 

No. 

Total antigen 
injected 

Total 
, No. of 
injections 

Weight precipitable antibody per cc. on day indicated after last 
injection 

3rd 

4th 

Sth 

6th 

7th 

Sth 

lOth 


ms^ 


mg. 

ntg. 

mg. 

mg. 

mg. 

mg. 



In solution 









5-5 

18.7 

18* 




0.97 


0.75 


6-8 

13.2 

16 




1.22 

1.04 



2nd course 









5-5 

26.4 

25* 

0.79 

0.61 

0.39 





5-6 ! 

26.4 

25* 

0.36 

dzf 






6-2 

26.4 

25* 

0.83 

0.85 

0.47 





6A 

20.9 

23 

0.66 

0.62 






6-8 

20.9 

23 

2.06 

1.88 

2.04 





6-9 

20.9 

23 

1.09 

0.88 

1.08 





3rd course i 





1 




5-5 

53.9 

32 

=b 


0.79 


0.81 


0.89 

6-1 

53.9 

32 



0.94 


0.86 


0.80 

6-2 

53.9 

32 

i ^ 


0.42 


0.36 




As alum pre- 










cipitate 

i 








8-9 

14.5 

18 


1.91 






1-03 

36.1 

19 



1.43 

1.48 




1-12 

2S.4 

32 



0.95 


0.75 



1-15 

19.1 

30 



1.87 (test bleeding) 1 




1 




1 . 58 (main bleeding, same day) 


1-20 

28.1 

16 



0.46 


0.43 




On collodion 










particles 









1-31 

0.55 

16 



0.24 


0.24 



1-33 

0.55 

16 


Hi 

0.54 


0.23 




* All but two injections subcutaneous- 
t Traces of precipitate in the 0.5 cc. samples used. 


final injection of azo protein. 3 days was the shortest interval and 10 
days the longest. It is apparent that the maximum antibody content 
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was usually reached by the 3rd day after the last injection. In one 
series, in which unusually large doses of 6.7 mg. had been given at 
the end, the sera yielded only traces of precipitate on the 3rd day. 

It is also clear that with these exceptions and in the case of one 10th 
day bleeding in the same series^ of animals, the maximum titer obtain- 
able was contained in the first bleeding. In subsequent bleedings 
within 1 or 2 days different animals varied greatly in the antibody 
content of the serum yielded, some showing great constancy, and 
others a gradual or irregular diminution. In one case (No. 1-15) the 
serum from a small initial bleeding of not more than 5 cc. contained 
1.89 mg. of predpitable antibody per cc., while the serum from the 
main bleeding, only several hours later, contained but 1.58 mg. per cc. 

As a result of these tests it is the custom in this laboratory to bleed 
animals 5 or 6 days after the last injection, although any day from the 
4th to the 10th would probably serve as well. 

2. Experiments Stimmarized in Table II . — ^AU of the 18 rabbits 
injected intravenously with 0.55 mg. of the azo antigen in multiple 
doses either in solution, as an alum precipitate, or adsorbed on col- 
lodion particles, responded with measurable amoimts of precipitin. 
Four rabbits which received as little as 0.35 mg. on collodion particles 
also responded well. The lower limit for the amount of azo protein 
capable of stimulating predpitin formation appears to be about 0.2 
mg. in multiple doses, for of 10 rabbits receiving 0.15 to 0.23 mg. on 
collodion particles, only two showed predpitins. This is in accord 
with the findings of Hektoen and Cole (20), who placed the lower limit 
for egg albumen at about 0.3 mg. 

The magnitude of the antibody response to multiple minimal doses 
of the antigen is indeed surprising. It has, of course, long been known 
in a qualitative way that antibody production is in excess of the 
amoimt required to combine with the antigen, and this fact provided 
Ehrlich with a strong argument against the Buchner hypothesis of 
antibody formation. Quantitative data on this point are now made 
available in Table II, from which it is seen that as much as 0.73 to 

^ Most of tke analyses in this series and the one preceding it were carried out on 
0.5 cc. samples in order to keep the individual bleedings as small as possible. 
The difference between the 5th and 10th day bleedings is therefore within the limit 
of error on so small a sample of a serum of comparatively low titer. 
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0.94 mg. of circulating antibody per cc. of serum may be formed in 
response to injections of antigen totaling 0.35 to 0.55 mg., or a total 
response for the rabbit of over 100 mg. of circulating antibody for 
every milligram of antigen injected. This is at least 12 times as 
much as is necessary to combine with the amount of antigen used. 
There is also an appreciable amount of antibody in the tissues as 


TABLE II 

Precipitin Forination in Rabbits Following Multiple Injections of R-Salt-Ao)- 
Benzidine-Aso-Crystallinc Egg Albumen 


No. of 
rabbits 

Total dye injected into each 

Total 
No. of 
injec- 
tions 

Precipitable antibody 
per cc. 

Total 

circu- 

lating 

cipitin 

Ma.Timum 
amount 
circuLating 
precipitin 
formed 
per mg. 
injected 


1 

ms. 


mj. 

mg. 

mg. 

5 

0.55 (solution) 

16 

0.06-0.53 

4-44 

SO 

5 

0.55 (alum) 

16 

0.28-0.73 

25-51 

93 

8 

0.55 (collodion particles) 

16 

0.07-0.86 

5-60 

109 

4 

0.35 (collodion particles)* 

16 

0.16-0.73 

10-38 

109 

4 

0 . 23 (collodion particles) 

11 

0, 0, 0,0.04 

0-3 

13 

4 

0.15 (collodion particles) 

14 

0, 0, 0,0.10 

0-8.5 

1 57 


Experiments with Larger Doses 



5 

\ 0.55t + 3.1 (alum) 

22 

0.51-1.53 

29-109 

30 

23 

9.2 —36.1 (alum) 

16-33 

0, 0, 0,0.17-3.39 

0-203 

21 

10 

12.9 — 26.4 (solution) 

13-25 

0, 0,0.50-2.08 

0-129 

6 


* After three more injections with an additional 0.1 mg. of dye on collodion 
particles the serum of the best animal contained 0.94 mg. of precipitable anti- 
body per cc., or a total of 49 mg. for the entire circulating precipitin (No. 1-14, 
Table I\0. 

t This group consisted of the five best antibody producers among 15 rabbits 
in the first three groups. 

well, and the presence of antibodies other than precipitins is not 
e.xcluded. Thus tlie relative mass of antibody formed is so large as 
to be taken as supplementing other recent e\Tidence (16) against 
Buclmcr’s hj’pothcsis of the actual entrance of specific antigen frag- 
ments into the antibody molecule. 

A summary' is also given in Table II of precipitin formation in 10 







HEIDELBERGER, KENDALL, AND SOO HOO 


147 


rabbits which received larger doses of the azo protein in solution, and 
in two series totalling 28 rabbits which received the dye as the alum 
precipitate. The total amounts of azo protein injected ranged from 
3.7 to 35 mg., and it is seen that while the maximum relative response 
is lower witi the larger doses, the total amount of precipitin produced 
is often higher. As stated by Hektoen (21) there is no relation be- 
tween the dosage and the amount of precipitin produced. 

Sixteen sera contained more than 1 mg. of precipitin per cc. Thir- 
teen of these were in the alum group, as was the serum of highest titer; 
namely, 3.39 mg. per cc. This serum contained 75 mg. of protein per 
cc. (calcidated from total nitrogen), so that in this rabbit 4.5 per cent 
of the serum protein consisted of antibody 

Five of the rabbits, of which three were in the alum group, failed to 
show qualitative or quantitative evidence of circulating precipitins, 
further emphasizing the enormous individual variations in the im- 
munological response of rabbits. In spite of these individual differ- 
ences it would seem fair to give the preference to multiple intravenous 
injections of the dye as the alum precipitate, since sera of higher 
antibody content were obtained more regularly when the dye was 
used in particulate form. The use of the dye adsorbed on collodion 
particles is naturally limi ted to verj^' small doses. 

After the final bleeding one rabbit (No. 1-57) which had received 0.55 mg. of 
the dye adsorbed on collodion particles and one which had received 35.1 mg. of the 
alum precipitate (No. 1-32) were autopsied. The spleens and portions of the 
livers w’ere fixed in bichloride-acetic acid solution and unstained sections were 
made. These were kindly examined by Dr. Fra nklin AI. Hanger, Jr., of this 
Department, who found, in the first animal, collodion particles in the Kupffer 
cells and in the phagocytic cells of the reticulum of the spleen. In the second 
animal azo protein particles could be seen in a few of the same groups of cells 
(cf, also (22)). 

^ The highest antibody titer obser\’^ed in this laboratory’’ occurred in the serum 
of a rabbit given repeated small intravenous injections of formalinized Type IH 
pneumococcus vaccine. The amotmt of protein specifically precipitable from 
this scrum by the Type IH pneumococcus specific poly’saccharide was 17.0 mg. 
per cc. Calculated from the total nitrogen, the serum contained 91 mg. of pro- 
tein per cc. Thus more than one-sLxth of the serum protein was anticarbohy'drate. 
Antipncumococcus sera titering 7 to 9 mg. per cc. of anticarbohydrate were fre- 
quently' encountered (see also (3)). 
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The ability of a rabbit to build up antibodies to the azo protein failed 
to serve as an index of the animal’s response to stimulation with 
another antigen such as Pneumococcus or Streptococcus. A number 
of excellent antibacterial sera were obtained from rabbits which had 
given antidye sera of low precipitin content. Conversely, Rabbits 

TABLE in 


Prccipilin Content of Rabbit Sera as Injinenced by Repeated Courses of Injections 

of Antigen Solution 


Rabbit No. 

Course of 
injections 

Total antigen 
injected 

Total No. of 
injections 

Precipitable 
antibody per cc, 

Day of bleeding 

5-5 

1 

ng. 

18.7 

18 

mg . 

0.97 

6 


2 

26.4 

25 

0.79 

3 


3 

1 

53.9 

32 

0.89 

10 

5-6 

1 

18.7 

18 

0.55 

6 


2 

26.4 

25 

0.36 

3 

64 

1 

13.2 

16 

0.62 

6 


2 

20.9 

23 j 

0.66 

3 

6-8 

1 

13.2 

16 

1.22 

6 


2 

20.9 

23 

2.06 

3 


3 

53.9 

32 

1 0.52 

5 


4 

88.0 

48 

2.30 

4 

6-9 

1 

13.2 

16 

0.77 

6 

2 

20.9 

23 

1.09 

3 


3 

53.9 

32 

0.39 

5 

5-2 

1 

18.7 

18 

0.63 

6 


2 

26.4 

25 


5 

6-2 

1 

18.7 

18 


6 


2 

26.4 

25 

0.85 

4 


* Traces of precipitate. 


6-8 and 6-9 jdelded antidye sera of average precipitin content but 
gave very little anticarbohydrate when subsequently injected with 
Pneumococcus III. 

3. Variations in Precipitin Content of Sera of Rabbits Given More 
than One Course of Injections.— T\\c data are summarized in Tables III 
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and rV. For the sake of brevity only the principal types of behavior 
observed are recorded. Perhaps the most frequently encountered 
types of variation were (1) that in which the rabbit reached a relatively 

TABLE IV 


Precipitin Content of Rabbit Sera as Influenced by Repeated Courses of Injedions 
of Azo Protein in Particulate Form 


Rabbit 

No. 

Course of 
injections 

Total antigen injected 

Total No. of 
injections 

Precipitable 
antibody 
per cc. 

Day of 
blewlng 

1-^03 

1 

0.23 (collodion particles) 


nr. 

0.04 

6 


2 

36.1 (alum) 


1.48 

6 


3 

74.4 (alum) 


1.43 

5 

1-04 

1 

0.23 (collodion particles) 

11 

0 

6 


2 

36 , 1 (alum) 

19 


6 


3 

76.5 (alum) 

33 

0.52 

3 

1-14 

1 

0.35 (collodion particles) 

16 

0.73 

4 


2 

! 0.45 (collodion particles) 

19 1 

0,94 

4 


3 

1 9.2 (alum) 

25 

3.39 

5 


4 

19,1 (alum) 

33 

3.33 

5 

1-33 

1 I 

0.55 (collodion particles) 

16 

0.54 

5 


2 

3.6 (alum) 

22 

0.51 

6 


3 

6.2 (alum) 

29 

0.51 

6 


4 

8.9 (alum) 

37 

0.33 

6 

1-40 

1 

0.55 (alum) 

16 

0.71 

5 


2 

3.6 (alum) 

22 

1.48 

6 


3 

6,2 (alum) 

29 

0.36 

6 


4 

8.9 (alum) 

37 

0.77 

6 

1-46 

1 

0.55 (solution) 

16 

0.53 

5 


2 

3.6 (alum) 

22 

1.53 

6 


3 

6.2 (alum) 

29 i 

1,53 

6 


4 

8.9 (alum) 

37 i 

1 

1.42 

6 


* Traces of precipitate. 


low but maximum antibody content with the first course, and (2) a 
precipitin content which increased with successive courses to a max- 
imum. For most rabbits there appeared to be a maximum number of 
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milligrams of precipitin which the individual could produce as a result 
of stimulation with repeated doses of the azo protein, whether the 
amount used in a single dose were a small fraction of a milligram or as 
high as 8 mg. 

4. Stability of Antisera . — In Table V are given the original precipi- 
tin content of a number of sera and the number of milligrams found 
per cubic centimeter after periods up to 9 months in the refrigerator. 
The tubes were covered with rubber caps. Sera 1-12 to 1-20 contained 
0.01 per cent of merthiolate. Only in the case of three sera was the loss 


TABLE V 

Influence of Storage on the Precipitable Antibody of Rabbit Sera 


Rabbit No. 

Weight precipitable 
antibody per cc. at 
time of bleeding 

Interval between 
determinations 

Precipitable antibody 
per cc. after storage 


mg. 

ffJOS, 

mg. 

6-0 

1.06 i 

7 

0.99 

6-8 

2.04 

5.5 

1.48 

6-9 

1.08 

5.5 

1.04 

8-9 

1.92 

4.5 

1.42 

9-3 

0.83* 

9 

0.83 

1-12 

0.75 

6 

0.67 

1-14 

3.33 

6 

3.06 

1-15 

1.59 

6 

1.53 

1-16 

1.02 

6 

0.99 

1-17 

0.65 

6.5 

0.59 

1-18 

j 0.70 

6.5 

0.76 

1-19 

1 1.29 

6.5 

1.21 

1-20 

0.43 

6.5 

0.40 


* This analysis was made 3 months after the bleeding. 


in precipitin outside the limits of error of the method. It appears to 
be a widespread belief that antiprotein sera rapidly lose their antibody 
content, but the antisera to the azo protein in question certainly afford 
no support for this belief. Several of the sera are being preser\'ed in 
sealed tubes and it is hoped to analyze them after a longer period. 

SUMMARY 

1. The preparation is described of a deep red protein dye, R-salt- 
azo-benzidine-azo-cr>'stalline egg albumen, which contains no more 
than traces of protein with the original egg albumen specificity. 
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2. Based on previous publications of the vrriters, a quantitative 
method is given for the micro estimation of precipitin in the antisera to 
the dye. The method gives the actual weight of precipitin and may 
be applied to the determination of the maximum amormt of predpita- 
ble antibody in any antiserum. 

3. Data are ^ven (1) on the influence of the period between the 
final injection and the bleeding on the predpitin content of rabbit 
antisera to the azo protein; (2) on the magnitude of the antibody 
response following the injection of multiple doses of the antigen vary- 
ing within wide limits; (3) on the variations in the predpitin content 
of the sera of rabbits given successive courses of antigen injections; 
and (4) on the stability of antisera stored in the cold. 

4. Four antisera were obtained in which over 100 times as much 
predpitin was recovered as the amount of antigen injected. This 
supplements the growing mass of evidence against the theory that 
specific antigen fragments are actually incorporated into the antibody 
molecule. 
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milligrams of precipitin which the individual could produce as a result 
of stimulation with repeated doses of the azo protein, whether the 
amount used in a single dose were a small fraction of a milligram or as 
high as 8 mg. 

4. Siahility of Antisera .. — In Table V are given the original precipi- 
tin content of a number of sera and the number of milligrams found 
per cubic centimeter after periods up to 9 months in the refrigerator. 
The tubes were covered with rubber caps. Sera 1-12 to 1-20 contained 
0.01 per cent of merthiolate. Only in the case of three sera was the loss 

TABLE V 


Influence of Storage on the Prccipitailc Antibody of Rabbit Sera 


Rabbit No. 

Weight prccipitible 
antibody per cc. at 
time of bleeding 

Interval between 
determinations 

Prccipitablc antibody 
per cc, after storage 


mg. 

mos. 

ms. 

6-0 

1.06 

7 

0.99 

6-8 

2.04 

5.5 

1.48 

6-9 

1.08 

5.5 

1.04 

8-9 

1.92 

4.5 

1.42 

9-3 

0.83* 

9 

0,83 

1-12 

0.75 

6 

0.67 

1-14 

3.33 

6 

3.06 

1-15 

1.59 

6 

1.53 

1-16 

1.02 

6 

0,99 

1-17 

0.65 

6.5 

0.59 

1-18 

i 0.70 

6.5 

0.76 

1-19 

1.29 

6.5 

1.21 

1-20 

i 0.43 

6.5 

0.40 


* This analysis was made 3 months after the bleeding. 


in precipitin outside the limits of error of the method. It appears to 
be a widespread belief that antiprotein sera rapidly lose their antibody 
content, but the antisera to the azo protein in question certainly afford 
no support for this belief. Several of the sera are being preser\'cd in 
sealed tubes and it is hoped to analyze them after a longer period. 

SUMMARY 

1. The preparation is described of a deep red protein dye, R-salt- 
azo-benzidine-azo-crj’stalline egg albumen, which contains no more 
than traces of protein with the original egg albumen specificity. 
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2. Based on previous publications of the writers, a quantitative 
method is given for the micro estimation of precipitin in the antisera to 
the dye. The method gives the actual weight of precipitin and may 
be applied to the determination of the maximum amount of predpita- 
ble antibody in any antiserum. 

3. Data are given (1) on the influence of the period between the 
final injection and the bleeding on the predpitin content of rabbit 
antisera to the azo protein; (2) on the magnitude of the antibody 
response following the injection of multiple doses of the antigen vary- 
ing within wide limits; (3) on the variations in the predpitin content 
of the sera of rabbits given successive courses of antigen injections; 
and (4) on the stability of antisera stored in the cold. 

4. Four antisera were obtained in which over 100 times as much 
predpitin was recovered as the amount of antigen injected. This 
supplements the growing mass of evidence against the theory that 
specific antigen fragments are actually incorporated into the antibody 
molecule. 
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THE EFFECT OF PNEUIVIOCOCCUS AUTOLYSATES UPON 
PNEUMOCOCCUS DERIvIAL INFECTION IN THE 

RABBIT 

By KENNETH GOODNER, Ph.D. 

{From the Hospital of The Rockefeller Institite for Medical Resear cli) 

(Received for publication, March 14, 1933) 

The injection of virulent pneumococci into the skin of a rabbit’s 
flank gives rise to an edematous lesion which spreads ventrally xmtil 
the entire midabdominal area of the skin is involved (!)• Previous 
studies (2) have shown that the edema fluid may be drained from this 
lesion, and that, if taken during theearlierphasesof the infection, this 
fluid not only fails to clot but has the property of retarding the coagula- 
tion of normal rabbit blood. The origin of the antithrombic property 
of this edema fluid was not definitely proven but it was shown that 
pneumococcus autolysates also possessed a similar property and the 
suggestion was made that the bacteria might be the source of the anti- 
coagulant substance in the edema fluid. It is not unreasonable to 
suspect that some of the less weU protected microorganisms may be 
damaged in the earlier phases of the pneumococcus infection, and that 
the resulting death and dissolution of these less resistant bacterial 
cells may take place with the liberation of autolytic products which, 
by retarding coagulation and altering vascular permeabilit}’’, may 
promote the invasion of the surviYong organisms. 

In a continuation of the study of this problem, the experiments to 
be reported in this paper were undertaken to determine whether bac- 
terial autolysates might promote the invasiveness or enhance the 
virulence of pneumococci. Although in the course of these experi- 
ments a variety of different strains of pneumococci of various specific 
types have been studied, only the results obtained with Pneumo- 
coccus Type HI are included in the present paper, since strains of this 
tj"pe e.xhibiting different degrees of \dnilence for rabbits offer excellent 
opportunity for the study of infections under selective and experi- 
mentally reproducible conditions. 
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EXPERIMENTAL 

Cidtures . — ^The strains used for infection were as follows: 

Pneumococcus Type III (Strain PH), virulent for both mice and rabbits. 

Pneumococcus Typt III (Strain A66), highly virulent for mice but never lead- 
ing to the death of rabbits when injected intravenously or intradermally. 

Pneumococcus (Strain M 3 R), rough organism, derived from a strain of Type 
III Pneumococcus. Avirulent for both mice and rabbits. 

Autolysates , — The bacteria from 18 hour broth cultures were collected by cen- 
trifugation and suspended in amoimts of, saline equivalent to 1 per cent of the 
original culture volume. The bacterial suspensions were quickly frozen and 
thawed eight times and then allowed to stand in the ice box for 1 week, A suit- 
able preparation of autolyzed Pneumococcus produces purpura in mice when in- 
jected intraperitoneally in 0.5 cc. amoimts, and, when added to freshly drawn 
rabbit blood, causes a marked prolongation of clotting time. Before injection, 
all bacterial autolysates were heated at 70°C. for 15 min utes to insure the death of 
all viable pneumococci. 

Infections , — Rabbits were infected intradermaUy by the method previously 
described (1). Var}nng amounts of sterile autolysate and living culture were 
mked and immediately injected into the skin of the flank area of rabbits. 

The use of the dermal method of infection permits a thorough observation of 
the progress of the infective process and allows the diflferentiation of what is com- 
monly called virulence into (a) lethal capacity and (6) invasiveness, the latter 
meaning capacity to provoke infection, as indicated by the production of a local 
lesion, and the stimulation of non-fatal systemic reactions. Ordinarily in experi- 
mental work, it is customary to refer to virulence as the ability of the microorgan- 
ism to bring about the death of the infected animal, but a strict application of the 
term virulence must also include the capacity of an organism to invade the tissues 
without causing death, since there are obviously many organisms capable of 
inciting a disease which under ordinar}^ conditions is seldom if ever fatal. 

Enhancement of Virulence of a Virulent Strain 

Experiments were designed to determine whether pneumococcus 
autolysates enhance the virulence of a strain which when injected 
alone may produce disease and death in rabbits. The strain of Type 
III Pneumococcus designated PH usually produces a fatal dermal m- 
fection in rabbits when injected in amounts as small as 0.000,01 cc. 
of broth culture, but never causes death when less than this amount of 
culture is used. Var}dng amounts of this culture together with fixed 
quantities of pneumococcus autolysates derived from the same or other 
strains were injected intradermaUy in the flank areas of rabbits. 
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Table I shows the results of such an experiment in terms of survival 
and death of the infected rabbits. 

In this instance, the culture alone brought about death of the 
rabbit when 0.000,1 cc. was injected. Animals receiving amoimts of 
culture less than this survived. On the other hand, when mixed 
with 0.2 cc. of an autolysate of the homologous strain, 1/10,000 the 
lethal niimber of the same organism sufficed to induce a fatal infec- 
tion. Colony counts showed that the number of pneumococci con- 
tained in 0.000,000,01 cc. of the culture was less than 10. Thus the 

TABLE I 

Effect of Autolysates on the Infective Capacity of a Strain of Pneumococcus Virulent 

for Rabbits 

Ctilture; Rabbit-virulent Type HI Pneumococcus (Strain PH). Autolysates 
and culture nused at time of injection. All inj'ections intradennal. 


Materials added to pneumococcus culture 


Amount of broth 
culture 

0.2 cc. of saline 
(control) 

0.2 cc. of 

autolysate homolo- 
1 gous strain (PH) 

0,2 cc. of 

: heterologous auto- 
lysate (Pneumo- 
coccus Type I) 

0J2 cc- of autolj-sate 
of an R strain 
of Pneumococcus 
derived 
from Type IH 

cc. 

0.000,000,01 


D 

S 

s 

0.000,000,1 


D 

D 

D 

0.000,001 

s 

D 

D 

D 

0.000,01 

s 


— 

D 

0.000,1 

D 

— 

— 

— 


S = survival. 
D = death. 

~ = not done. 


virulence has been so enhanced that whereas with the culture alone 
approximately 10,000 pneumococci were required to bring about a 
fatal infection, less than 10 organisms caused death when injected 
together with autolysate. 

Experiments, not sho^m in the table, demonstrate that autolysate, 
when injected alone, causes only a mild reaction and is incapable of 
bringing about infection or death in rabbits. 

Another group of rabbits in this series received varjdng amounts 
of the same culture of Type IH pneumococci, together with heteroh 
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ogous autolysate prepared from organisms of Type I. Under these 
conditions, as expressed in terms of initial number of infecting organ- 
isms, the virulence was also markedly enhanced although not to the 
same degree as that occurring when the homologous autolysate was 
used. Whether this slight variation is within the limits of experi- 
mental error or represents an actual difference in the action of the 
two autolysates is not entirely clear, but it is apparent that a marked, 
if not equal degree of enhancement of virulence can be obtained by the 
use of an autolysate of Pneumococcus of a type different from that 
causing the infection. 

In a fourth series of animals included in the same experunent the 
injections were similar except that the autolysate was prepared from 
a rough strain of Pneumococcus which was entirely avirulent. Here 
again, results of the same type were obtained. The fact that this 
particular autolysate was prepared from a culture of R pneumococci 
seems to indicate that the presence of the soluble specific substance 
in the autolysate is not essential for enhancing virulence and further, 
that the factor responsible for this property may be quite independent 
of those factors upon which virulence ordinarily depends. 

These results indicate that pneumococcus autolysates can enhance 
the virulence of a strain of Pneumococcus which is already somewhat 
virulent for rabbits, since without the autolysate, 10,000 or more 
bacterial cells were necessary to bring about fatal disease, whereas 
when the autolysate was added, less than 10 organisms caused an 
infection w'hich terminated fatally. Furthermore, these results show 
that the enhancing factor is not type-specific and that it may be 
derived equally well from the entirely avirulent, rough strains of 
pneumococci. 

ILiihanccmcnl of Invasive Properties of a Strain Incapable of Inducing 

Fatal Infection in Rabbits 

The A66 strain of Type III Pneumococcus used in these experiments 
under ordinary' conditions does not bring about death in rabbits when 
injected intravenously or intradermally in large amounts. On the 
other hand, it possesses marked virulence for mice, for in these ani- 
mals amounts as small as 0.000,000,1 cc. of culture invariably prove 
fatal. This provided the means for determining whether the addition 
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of autolysates, and partioilarly autolysates from rabbit-virulent 
strains, might lead to an enhancement of lethal virulence of a strain 
ordinarily considered to be non-virulent for rabbits. 

Preliminary experiments indicated that this was not the case for 
even when injected together with autolysates prepared from highly 
virulent pneumococci this strain remained incapable of causing fatal 
infection. However, the addition of the autolysate did lead to greater 
invasiveness in the sense that under these conditions fewer organisms 

TABLE n 

Effect of Autolysate on the Infective Fewer of a Strain of Pneumococcus Which Is 

N on-Lethal for Rabbits 


Culture: Pneumococcus T>T)e m, Strain A66. Does not kill rabbits when 
given intradermally. Autolysate and culture mixed at time of injection. All 
injections intradermaL 



Materials added to pneumococais culture 

Amount o{ broth culture 

0.2 cc, of saline 

0J2 per cent of autoljrsate 
of virulent Pneumococcus 
Type in (Strain PH) 

cc. 

0.000,000,1 


+ 

0.000,001 


4“4*-+4- 

0.000,01 

+ 


o.ooo,i 1 

+ 

+4-4- 

0.001 

H — i — h 

++++ 

0.01 

+++ ! 

++++ 

0.1 

+++ 

++++ 


4- = local area of infiammation, 

4” "P + “ area of inflammation extending to the ventral midline- 
4* 4- 4- -h = widespread area of inflammation over midabdominal area. 


were required to produce a widespread area of inflammation. An 
experiment illustrating this effect is shown in Table H. 

In no instance did the addition of the autolysate to the non-virulent 
strain bring about the death of the animal. However, a definite 
effect w'as obseived in the ability of the autolysate to enhance the 
spread of the lesion. The results are expressed in terms of the size of 
the lesion induced by the organisms alone, contrasted with those 
provoked by the same organisms in the presence of autolysate. It 
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\vill be noted that when pneumococci were injected alone, an amount 
of culture as great as 0.1 cc., representing about 100,000,000 bacterial 
cells, was capable of causing a lesion wlrich spread just to the ventral 
midline. When a smaller amount, such as 0.000,1 cc. was used, only 
a circumscribed local area of inflammation was produced. On the 
other hand, when mixed with autolysate an amount of culture as small 
as 0.000,001 cc. produced a lesion considerably greater in extent than 
that resulting from the injection of 0.1 cc. of the culture alone. 

The results of this experiment show that, while the invasiveness of 
a non- virulent organism may be enhanced by the addition of the 
autolysate of a virulent strain of Pneumococcus, the essential virulence 
of the organism, in the sense of lethal capacity, is not enhanced in any 
way. 

Effect of Autolysates on the Iiifectivity of R Pneumococci 

The intradermal injection of rough strains of pneumococci in 
relatively large amounts produces only a local area of inflammation. 
Wlien autolysates of virulent or non-virulent pneumococci are in- 
jected together with this living rough culture, the area of involvement 
is invariably larger, but never of great consequence. There is little 
elevation of body temperature and the inflammatory reaction at the 
site of inoculation is transient. 

The experimental evidence obtained under these conditions shows 
that the invasiveness of the non-virulent rough forms of pneumococci 
is not appreciably altered in the presence of autolysates whicli possess 
the property of enhancing the infectivity of potentially virulent 
strains of “S” pneumococci. 


DISCUSSION 

The results of this study show that pneumococcus autolysates 
have the property of enhancing the potential virulence which a par- 
ticular strain of pneumococcus may possess. This enhancement is 
entirely quantitative since there is no qualitative change in the nature 
of the virulence possessed by the organism. The autolysates seem 
merel}’ to permit fewer pneumococci to produce the same results as 
those ordinarily brought about by a much greater number of micro- 
organisms. 
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The nature of the active substance in the autolysate is not known. 
Autolysates active in this respect also produce purpura in mice and 
when added to freshly drawn rabbit blood have the property of in- 
hibiting coagulation. That the virulence-enhancing effect is not 
type-specific is shown by the fact that an autolysate from organisms 
of a heterologous type is almost equally effective. Furthermore, an 
autolysate prepared from a cultme of R pneirmococci possessed the 
same power. The result, therefore, is apparently not dependent 
upon the presence of specific capsular polysaccharide in the autoly- 
sate. From the evidence thus far available, it seems not unlikely that 
the enhancing effect of the autolysate may be due to the presence of 
a product of protein degradation. 

These experiments do not prove, but they lend some weight to the 
probability that under natural conditions pneumococcus infection 
may be promoted by the autolysis which some of the infecting organ- 
isms undergo. Thus for the rabbit-virulent Type HE Pneumococcus it 
seems likely that the death and autolysis of the less resistant micro- 
organisms may enhance the invasiveness of the few which survive. 
The relative ease with which pneumococci imdergo autolysis suggests 
the possibility that this mechanism is more Hkely to be operative in 
infection vnth. pneumococci than in infections due to many other 
species of bacteria. 

One argument which might be advanced against this view is that 
with Type I Pneumococcus, as previously reported (1), a minimal 
number of organisms suffices to produce a fatal infection. In such an 
instance, however, the long latent period may represent the time 
required by a few organisms to multiply while others are undergoing 
autolysis. 

Although the results of the present studies suggest certain simi- 
larities in action betw^een autolysates, bacterial aggressins (Bail (3)), 
and \nrulin (Rosenow (4)), the evidence indicates that in the case of 
Pneumococcus, at least, the autolysates serv’e to enhance a property or 
function potentially present in a given strain rather than to confer a 
new property. 

SUitMARY 

In pneumococcus dermal infections in rabbits, the addition of 
pneumococcus autolysate to an infective inoculum favors the invasive- 
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ness of the particular strain employed, but does not alter the kind 
of virulence possessed by that strain. 

Autolysates exhibiting this enhancing property also induce purpura 
in mice and inhibit the coagulation of rabbit blood. The relation of 
these properties to the infectivity of Pneumococcus and the possible 
role of bacterial autolysis in natural infection are discussed. 
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Much would be gained in the understanding of the mechanism of 
infection if bacterial virulence could be definitely ascribed to certain 
chemical constituents of virulent organisms. Work in this direction 
has been extensively carried on, following the important discovery 
of Avery and Heidelberger (1) of the specific carbohydrates existing 
in different types of pneumococcus. Granting, as the finding sug- 
gests, that each pathogenic organism has individual biochemical char- 
acteristics, it is no less true that each shares with other pathogenic 
bacteria the property of maintaining itseff within or actually invading 
the host tissue to a greater or less extent. Perhaps, as has frequently 
been suggested, “invasiveness’^ of an organism may be dissociated 
from virulence. The latter condition is more specific but varies 
with general or local susceptibility or resistance on the part of the host 
and toxigenicity on the part of the bacteria. The phenomenon of the 
spread of an infection from the point of inoculation or entry is far from 
being fully imderstood. 

It has been shown in this laboratory that an extractable factor 
exists in certain animal tissues, notably the testicle, which has the 
property of enhancing the invasiveness of certain pathogenic agents. 
Microorganisms of relatively low grade virulence inoculated with 
testicle extract will produce lesions comparable with those resulting 
ordinarily from \nrulent organisms, while those of more virulent type 
have their infectivnty markedly increased by the addition of this factor. 
Considerable e\ndence has been accumulated which indicates that the 
outstanding property of the enhancing factor is the induction of 
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increased tissue permeability. From this it seems probable that the 
enhancement of infections depends on this property of enabling the 
infective agents to spread through a larger area of tissue than ordi- 
narily when the organism is inoculated alone. These observations 
open up the question of whether the invasiveness of an organism may 
not depend on the existence in it of some factor wliich renders the 
tissue more permeable. Gkjodner’s observation (2) (1931) that the 
advancing edema occurring with pneiunococcus skin infections of the 
rabbit carried with it the infecting organism suggests that an increased 
permeability of the tissues is induced by the organism. He has ex- 
tended this observation in experiments (3) more or less paralleling 
those reported in the present paper. 

The outstanding properties of the factor deriving from tissue are 
that it enhances the infectivity of all bacteria and viruses so far tested 
(4), it increases tissue permeability as shown by the spread of injected 
material (5), and possibly increases cell permeabilities as shown by 
experiments on red blood cells and sea urchin eggs (6). The factor 
from one species will enhance infections not only in the same species 
but in all other species susceptible to the infectious agents. Intra- 
venous injection of testicle extract induces a general increase in 
permeabihty of the skin with a correspondingly increased suscepti- 
bility of this tissue to infectious agents. The active principle is very 
stable, is soluble in water, and can be isolated from the bulk of soluble 
tissue proteins and considerably purified (7). In this purified state 
it w'ill ■withstand boiling. Available evidence indicates that it lacks 
antigenic properties (8). 

The present paper is a report on a spreading and enhancing factor 
derived from bacteria together ■with a comparison between the amount 
of the factor present and the invasiveness of the organism. The in- 
vestigation has been carried out mainly on staphylococci witli strains 
of widely differing xdrulcnce. 

M atcrial and M clJwds 

The strains of staphylococci used were all rccenti}’ isolated from patliologicaj 
lesions, the culture in eacli case being started from a single colon}-. The materia 
for testing the spreading or enhancing factor was derived from a 24 hour agar 
slant culture suspended in 10 cc. of water. This suspension in a sealed tube in- 
cubated at 37®C. usually showed complete autolysis in 5 to 10 days. Any 
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vi\nng bacteria were removed by vigorous centrifugation and filtration through a 
Berkefeld candle. A simpler method used entirely in the latter part of the study 
was to extract a 24 hour culture with 10 cc. of water and then remove the bacteria. 
As these two methods jielded products entirely comparable in their action the 
material will be referred to in the following text merely as bacterial extract. For 
testing the invasiveness of the organisms, the bacteria from a 24 hour agar slant 
culture were suspended in 10 cc. of water. 

Each strain of bacteria was tested in the following manner. Rabbits were 
shaved over both flanks. On one side an intracutaneous inoculation was made of 
0.75 cc. of organism, representing 0.5 cc. of the suspension diluted with 0.25 cc. 
of water. On the other side a similar inoculation was made of 0.5 cc. of an extract 
or autolysate of the same strain of organisms, to which had been added 0.25 cc. of 
dilute India ink. A third area received an injection of 0,25 cc. of India ink diluted 
to 0.75 cc, with water. The size of the lesions produced by the bacteria and the 
area of spread of the ink alone and of the ink with the bacterial extract were 
recorded 24 hours later. Using careful measurements as a basis, the area covered 
was expressed for convenience in square centimeters. 

In addition to the above described tests the cultural characteristics of each 
strain were determined by standard bacteriological methods. 

Experiments with Staphylococci 

For this study 53 strains of staphylococcus freshly isolated from 
pathological lesions have been employed.^ 

Correlation between the Spreading Factor Cojtteni and the Virulence 
of the Organism. — On the basis of the size and quality of the lesions 
produced in rabbit skin, the 53 strains of staphylococcus have been 
arranged in three groups as follows: There were 11 classed as non- 
invasive or of slight invasiveness, in that the lesions resulting from 
inoculation were mild and rarely spread beyond the limits of the bleb 
produced by the inoctilation. These lesions were soon resorbed or 
resolved by the formation of a small abscess, and the healing was 
prompt. The second group comprised 22 strains considered as having 
moderate invasive properties. They produced lesions of mixed con- 
gestive and necrotic t^qjes, accompanied by edema, with a definite 
spread to surrounding tissues. There was scab formation with 
accumulation of underlying pus, and healing was slow. The third 
group included 22 strains considered highly invasive. The lesions 

* Wc should like to e.Tprcss our indebtedness to Dr. G. Shx\*artzman of the 
jMount Sinai Hospital Laboratories for having supplied us with most of the strains 
of staphylococcus. 
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produced were similar to those described above, but were much more 
extensive, and in some instances resulted in general infection causing 
the death of the animals. Using the method described above, each 
strain was tested on an individual rabbit, so that the size of the lesion 
produced was compared with the amount of spreading factor ex- 
tractable from the bacteria. Tj^ical examples from each group are 
shown in Figs. 1 to 6, and the comparative results are illustrated in 
Text-fig. 1. In the text-figure the area of the lesion and of the spread 
of the ink are given in square centimeters. 


group of 
J1 noa-lnvasive 
strains 


Size o[ lesions produced by 53 strains of staphylococcus compared with 
the spreading power of their autolysates or H 2 O extracts 


Average size of lesions 
produced 



2.9 X 21 can 


Average area of sptjcad of 
India mk plus the auto- 
lysates orHaO extracts 



3.4x2a cm. 


Aroragc area of spread of 
India ink alone 
(Control) 



2.8x21cm. 


2^ group of 
21 roedimn invasive 
strains 



4.5 X 3.4 cm. 



45 x3l 1 cm. 



3.1x23cm. 


3*^ group of 
21 very invasive 
* strains 



6.0 x3i5 cm. 



55x33 cm 



40x21 cm. 


Text-Fig. 1 


From the photographs and Text-fig. 1 it is evident that a dose paral- 
lelism exists between the size of the lesions produced and the area of 
spread of India ink under the influence of the extract of the organism. 
As with testide extract, the spread of the product from invasive organ- 
isms is easily detected a few moments after injection. WTiile the 
control material or the extract from non-invasive bacteria remains as 
an elevated bleb, those formed by the injection of the active material 
flatten out writhin a very short time,- and within an hour have gen- 

- It is noticeable that in the second and third groups of Text-fig. 1 there is a 
certain spreading in the control injections of India ink alone. The reason for t ib 
will be seen later. 
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erally inJ&ltrated a large area of skin. It is possible to predict with 
some accuracy the degree of invasiveness of the organism by the 
area of spreading due to the extract which takes place in the 1st hour 
after injection. From the above data it seems clear that invasiveness 
runs parallel with the existence in the bacterial cell of a soluble spread- 
ing factor. 

Effect of Bacterial Extracts on Infectiviiy. — ^The factor in testicle 
extract which increases tissue permeability seems from all available 
evidence to be identical with a factor in the same tissue which causes 
a marked enhancement of infection (5). The enhancement is de- 
pendent in aU probability on the increased permeability of the tissues 
to the infecting agent. If this is true the extract of invasive staphy- 
lococci should enhance infections. The point has been tested with 
homologous and heterologous bacteria and with a virus. 

E7iha7icentent of Infeciiviiy of homologous Bacteria. — These experi- 
ments deal with the action of extracts from invasive and non-invasive 
strains of staphylococcus on the infectivity of other strains of the 
same organisms possessing varying degrees of invasiveness. 

The preparation of material was carried out as described above. 0.5 cc. of the 
bacterial suspension was mixed with 0.5 cc. of the extract. This was injected 
intradermally in the fiank of a rabbit and in the skin of the other side a similar 
amount of the bacterial suspension diluted with water was injected. Thus the 
experimental and control materials for each strain were tested on an individual 
rabbit. The sizes of the lesions were measured 24 hours later and their areas 
recorded in terms of square centimeters. The results are recorded in Table I. 

Enhancement of Heterologous Bacterial hifectiojis. — This group of 
experiments was similar to that above, but the extracts of invasive 
staphylococd were tested on other ty^pes of organisms including B. 
dyscnteriac Flexner, streptococcus, proteus, and E. iyphi. The results 
are recorded in Table 11. 

Enhancement of Virus hifcction. — A. strain of neurovaccine rirus 
was used as the test material. 

To a standard suspension extracts of in^'asive strains of staphylococcus were 
added, while the controls consisted of an equal amount of the \inis diluted with 
water. The sizes of the lesions produced were recorded 5 da^’S after the inocula- 
tion. For the results, see Table III. 
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TABLE I 


Effect of Atiiolysaies or Wafer Extracts frovi Invasive and Non-Invasivc Strains of 
Siaphylococcns on the Lesions Prodnced by Livasive and Non~Invasive Strains 

of the Same Bacterial 


Source of bacterial suspension 

Lesions pro- 
duced by 0.5 cc. 

of bacterial 
suspension plus 
0.5 cc. of HiO 

Lesions pro- 
duced by 0.5 cc. 

of bacterial 
suspension plus 
0.5 cc. of 
autolj'sate or 
e.x tract 

Source of autolysate or e.^tract 



sq. cm. 

sq. cm. 





^Strain 

1 

8.1 

18.5 

Strain 13' 



a 

1 

8.1 

21.2 

cc 

5| 



ic 

2 

8.4 

10.2 

cc 

5! 



iC 

3 

4.2 

25.5 

cc 




it 

3 

4.2 

16.0 

cc 

5 

► Invasive 


\ 

4 

6.2 

31.2 

cc 

5 


Non-invasive ^ 

cc 

1 

6.8 

11.6 

cc 

5 



IC 

4 

5.1 

16.4 

cc 

5 



cc 

1 

7.2 

20.2 

cc 

14] 



cc 

1 

8.1 

12.2 

cc 

15 



cc 

1 

8.1 

12.2 

cc 

15 

Medium in- 


cc 

4 

6.8 

14.4 

cc 

15 

vasive 


cc 

4 

6.8 - 

16.0 

cc 

15] 



Strain 

5 

21.2 

44.9 

Strain 

14l 


cc 

5 

19.4 

34.8 

cc 

141 

► Invasive 


cc 

6 

21.2 

39.1 

cc 

14 j 



cc 

7 

15.6 

15.6 

cc 




cc 

8 

16.0 

16.0 

Strain 15. 

Jlcdium 






1 invasive 


cc 

9 

! 16.0 

16.0 

Strain 1, 

Non- 






invasive 

Invasive ^ 

cc 

9 

1 16.0 

16.0 

I 


cc 


cc 

9 

1 16.0 

16.8 

! Strain 4. 

Non- 






invasive 


cc 

5 

29.1 

29.1 

Strain 15. 

Slightly 






invasive 


cc 

5 

29.1 

29.1 

Strain 1. 

Non- 






invasive 


cc 

5 

! 29.1 

27.0 

cc 


cc 


cc 

5 

29.1 

26.0 

Strain 4. 

Non- 





invasive 


fStrain 10 

j 8.4 

7.0 

Strain 2. 

xVon- 


1 




invasive 

Non-invasive ^ 

cc 

11 

7.0 

7.6 

IC 


« 


cc 

w 

12 

6.S 

7.0 

<c 


cc 


* The sizes of the lesions ^vere recorded 24 hours after the injections. 
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The results of the experiments demonstrate clearly that the extracts 
of invasive strains of staphylococcus enhance the infectivity of both 
invasive and non-invasive strains of the same organism. The degree 
of augmentation seems to bear a definite relationship to the invasive- 
ness of the organism furnishing the extract, the extracts from non- 


TABLE n 

Effect of Autolysates from Invasive Staphylococcus on the Lesions Eroduced hy 
Heterologous Bacteria^ 


Barterial species 

I.csions pro- 
duced byO.Scc. 

of bacterial 
suspension plus 
0.5 cc. of HtO 

Lesions pro- 
duced by 0.5 cc. 

of bacterial 
suspension plus 
autolysate 

Source of 
aulolj’sate 


sg. cm. 

sq. cm. 


B. dysenleriae FlexBer 

3.8 

1 16.6 

Strain 50 

H It it 

3.8 

7.8 

“ 56 

Streptococcus Rosenow 

6.2 

12.9 

“ 50 

ft <( 

6.2 

14.1 

« 56 

Streptococcus 

9.0 

32.3 

« 45 

Proteus X 19 

20.2 

32.3 

“ 50 

£. iyphi 

4.5 

26.0 

“ 50 


^ The sizes of the lesions were recorded 24 hours after the injections. 


TABLE m 

Effect of Autolysates from an Invasive Staphylococcus on the Lesions Produced hy the 
N euro Strain of Vaccine Virtif^ 


Dilution of \’irus 

lesions produced by 

0.5 cc. of virus dilution 

1 plus 0.5 cc. of HjO 

Lesions produced by 

0.5 cc. of virus dilution 
plus 0.5 cc. of aulo]>-sate 

Source of antob'sstc 


1 sq. cm. 

sq. cm. 

i 

1 

1:10 

23.5 

52.6 

Strain 50 

1:50 

15.2 

46.9 

“ 50 

1:100 

13.1 

1 

34.2 

‘‘ 50 

1:500 

15.2 

26.0 

'' 56 


* The sizes of the lesions were recorded 5 days after the injections. 


invasive strains being entirely inactive. The enhancement of heter- 
ologous bacteria and of a \irus infection by the product of invasive 
strains is also clearly demonstrated. As in the case of the factor 
present in testicle extract, there is a definite correlation between the 
enhancement of infections and the spreading produced by the factor. 
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Correlation between Spreading Value and Cultural Characteristics of 
Staphylococci. — The cultural characteristics of the 53 strains of 
staphylococcus used in the foregoing study have been determined in 
order to see if these exhibited any relationship to the amount of 
spreading factor. 

Standard bacteriological methods have been employed and the 
percentage of the strains in each group showing particular charac- 
teristics has been determined. The results of this investigation are 
given in Text-fig. 2. 

Properties of 6Z strains of staphylococcus 


1®! group of 
11 nonrinvasive 
strains 


ativeus variety 
marked hemolytic power 
licjuefaction of gelatin 
coagulation of milk 
spontaneous agglutination 
albus variety 


2*^gt>oup of 
21 medium invasive 
strains 


* aureus variety 
marked hemolytic power 
iKjuefaction of gelatin 
coaguleitLon of milk 
spontaneous agglutination 
e/bus variety 


Percentage of stn^ins showing properties 
0 10 20 30 ^0 dO 60 70 ^ 9Q 100 







3^ group of 
21 \T£y invasive 
strains 


ac/rcas variety 
marked hemolytic power 
li(^uefaction of gelatin 
coagulation of milk 
spontaneous agglutination 
<?/6ua variety 




Text-Fig. 2 


The indications are that the presence of the spreading factor in these 
bacteria can be correlated in general with the characteristics con- 
sidered tyr^ical for Staphylococcus aureus. Deviations from tliis t^c 
are regularly associated with a low content or absence of the spreading 
factor. This corresponds vdth the knovTi association of virulence 
with the typical cultural characteristics for this type of organism- 
Conditions Determining Variation in the Amount of Spreading Factor 
Associated with the MicroorganisTUS. — It has seemed of interest to 
determine whether conditions which influence the virulence of a por 
ticular strain of organism will influence the content of spreading factor. 
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It is known that virulent strains of staphylococci undergo spontane- 
ous dissociation in old cultures (9). These variants show altera- 
tions in color from aureus to alhus^ in texture from smooth to rough, 
and in cohesion from non-viscid to viscid. In addition to the investi- 
gation of variants obtained attempts have been made to alter the 
virulent strains by repeated subcultures and by animal passages xmder 
varying conditions. 

Experiments with Variants . — ^Variants were secured from liquefied 
gelatin cultures of 10 aureus strains of staphylococcus. A few colonies 
of each of the variants were subcultured and tested in rabbits for their 


Colonies from a 3 month old 
gelatin culUire cf an invasive 
Staphylococcus aureus. Strain® 


sue cf lesion 
produced 



Saureusm 

VaZ 


of spread 
cf IndiA ink 
plus HzO ertnad 

Sizeef lesioQ 
produced 

Area cf spread 
cf TnfliA ink 
plosHzO C3dKCt 

■ 


■ 



■ 

■ 

Salbus HH 
lid3 

■ 


A'eacf spread 
cf India inh 
alone (controy 



Coagulation cf milk ++++ 

Lit^uefadion of gelatin +++f 

Hemolytic power* +++4- 

Viscidity - 


++++ 

+ 

-mi- 


Text-Fig. 3 


infectivity and the spreading property of their extracts. In addition 
the more important cultural characteristics 'were determined. The 
typical R variants, which were white and viscid, with rough colonies, 
were found to be nominvasive and their extracts showed no spreading 
factor. In their cultural characteristics, it was found that a change 
from the original culture had taken place in one or another of the 
typical reactions; for example, coagulation of milk, liquefaction of 
gelatin, or hemolytic power. There were several instances of freshly 
obtained white variants which retained the invasiveness of the orig- 
inal strain, and their extracts contained the spreading factor. These 
strains were non-\nscid, smooth in te.xture, and had the typical cul- 
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tural characteristics of the original organism. Most of these reverted 
to the aureus type in subcultures. Data on the invasiveness, spread- 
ing property, and the cultural characteristics of typical examples 
from amongst the many variants studied are presented in Text-figs. 
3 and 4. 

The tests have brought out the fact that variants secured from in- 
vasive strains of staphylococcus show with loss of invasiveness a 
loss in the spreading factor as well. When invasiveness is not lost the 
spreading factor persists. 

Colonics from a J3 day old 
gelatin caltupc of an invasive 
Staphylococcus tsureus Strain 26 


Size of lesion Area of spread 

produced of India ink 
plus HgO extract 



Si aureus 




Size of lesion Area of spread 

produced of India ink 

plus H-O extract 


Saihus 



Area of spread 
India inK 
alone (control) 



Coagulation of n^lK +++ 

Licjucfaclion of gelatin ++++ 

Hemolytic power +++ 

Viscidity 

spreading Factor in Invasive Strains Repeatedly Subcidturcd. 2 
invasive strains were given 20 passages in 35 days in both agar and 
broth. At the end of this time animal tests showed tliat the invasive- 
ness and the spreading property of the autolysates of the organisms 
exliibited no variation from the properties of the original strains. 
On the other hand, 1 of the invasive strains subcultured, which had 
been carried through 30 passages in agar and broth containing 2a 
per cent glucose, did become modified. The pigment was lost and did 
not reappear even after 10 passages in plain agar. Invasivcncss for 
the rabbit skin was decreased and paralleling this there was an equiv- 
alent decrease in the spreading power of the bacterial e.xtracts. 

Effect of Animal Passage on Invasivcncss and Spreading Factor.— 
In attempts to increase invasiveness a non-invasivc strain of staph) * 
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lococcus was submitted to passage by inoculation into the skin, peri- 
toneal cavity, and testicle of rabbits or guinea pigs. The organism 
was injected alone, and also plus the autolysate of an invasive strain, 
with its antiserum and with the autolysate of an invasive strain re- 
spectively. The strains recovered after these passages, tested for 
invasiveness and yield of spreading factor, proved to be xmchanged 
in both particulars from the original strain. In further attempts to 
alter the organisms they were inoculated into animals partially im- 
munized to the same strain; they were carried in vitro through broth 
containing autolysates from invasive strains; and in broth with the 
corresponding antisera, or both with antisenim and autolysate. None 
of these manipulations changed either the invasiveness or the amount 
of spreading factor. 

We may conclude from the foregoing experiments that in a variety 
of manipulations designed to increase or decrease the invasiveness, 
the parallelism between invasiveness and the spreading factor con- 
tent remained imchanged irrespective of whether or not these manip- 
ulations were successful. Attempts to transform the non-invasive 
strains to invasive, or to increase the spreading factor by methods 
successful with the pneumococcus group (10) failed of success with 
the staphylococci.® 

Generalized Action of the Bacterial Spreading Factor, — ^The ability 
of the invasive staphylococcus cell to elaborate the spreading factor 
in vitro suggests that in all probability it does so in vivo. That this 
is true is suggested by the results of early experiments, shown in 
Text-fig. 1. India ink injected as control spread further in animals 
inoculated with an invasive organism at a distance from the point of 
injection of the ink, than in the animals inoculated with the non- 
invasive strain. The following experiments constitute a test for a 
generalized effect of the spreading factor. 

Effect of Intravenous Injection of the Spreading Factor. — ^Prelimi- 
nary tests showed that the spreading factor present in the bacterial 
extracts could be easily demonstrated in the serum of a rabbit 5 

5 Nevertheless Pinner and Voldrich (11) have recently reported that, after 
many attempts, they succeeded in obtaining rirulent aureus varieties by grovong 
rough albus varieties in their corresponding antisera. 
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minutes after intravenous injection of such extract. After an hour 
it was still present, somewhat diminished, but was barely detectable 
after 3 hours. This rapid disappearance from the blood suggested 
an elimination, a neutralization, or possibly a fixation by the tissues. 
The latter possibility was tested by determining the effect of intra- 
venous injection of the factor on the spread of India ink injected into 
the skin. 

5 rabbits were injected intracutaneously in 3 areas each, with 0.75 cc. of diluted 
India ink, and immediately afterwards 7 to 22 cc. of the bacterial e.xtract was given 
intravenously. 2 control animals were similarly injected in tlie skin, but water 
was substituted for the bacterial extract in the intravenous injections of other 
control animals. In the control animals the spreading of ink in tire skin w'as in- 
significant, and at the end of 24 hours covered an area of 5 to 6 sq. cm. On tlic 
other hand, the spread of ink in the rabbits injected intravenousl}'^ wdtli the bac- 
terial extract proceeded verj^ rapidly, so that b}' the end of an hour tlie area was 
considerably larger than in the controls. After 24 hours it covered from 10 to 
20 sq. cm. of skin. 

Passage of the Factor into the Blood from Local Lesions . — In order 
to determine whether the spreading factor could be detected in the 
blood of animals having an infection with the invasive type of organ- 
ism, animals were inoculated in the testicle and their blood tested at 
intervals for the factor. 

Rabbits were inoculated intratesticularh’^ as follows: 3 witli 1/5 of a 24 hour 
culture of an invasive staph 3 dococcus strain; 1 with 1/10 of the same culture; 
and 1 with 1/5 of a culture of a non-invasive strain. Samples of blood were with- 
drawn from each animal before inoculation and at intervals thereafter, and the 
serum was tested for spreading factor in the usual waj'. 

The 3 rabbits inoculated wnth 1/5 of the invasive cultures died 
witliin the first 24 hours. The sera collected showed a definite but 
only moderate amount of spreading factor by the usual tests, and the 
development was parallel with the progress of the local lesion and of 
the septicemia. The animal which received 1/10 of a culture showxd 
a slower progress of the disease and provided a greater opportunity 
for studying tire process. The presence of the factor was demon- 
strated, by the usual skin injections, in the blood 3 hours after inocu- 
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lation and continued throughout the life of the animal. The details 
of these tests are given in Table IV. The rabbit receiving an inocu- 
lation of the non-invasive staphylococcus showed a temporary indu- 
ration locally, with a brief elevation of temperature, but at no time 
could the spreading factor be detected in the serum. 

The foregoing experiments indicate that the spreading factor in- 
jected intravenously has a general effect on the permeability of the 


TABLE rv 


Passage of the Spreading Factor into the Blood of a Rahhii from a Tesiide Lesion 
Produced hy an Invasixe Strain of Staphylococcus 


Sample of scrum injected 

Area of 
spread of 
serum plus 
India ink 

Rectal 

temperature 

Remarks 


ig. cm. 

•F. 


Before injection 

7.2 

99.8 


3 hrs. after injection 

20.2 

101.0 

Definite induration of testicle 

^ it it it 

21.1 

101.8 

More induration 

24 '' “ 

12.9 

100.1 

Acute orchitis. Scrotal necrosis 

2 q it it it 

16.0 

101.0 

Animal very sick 

48 “ “ “ 

10.8 

100.6 

Animal worse 

60 

12.2 

100.1 

(( a 

72 ** ** 

10.8 

101.0 

i 

Animal dying. Blood culture 

96 “ “ 

Control. Water plus India ink 

11.5 

6.7 

100.6 

Animal died 


* Sizes of spreads measured 24 hours after the injections. 


skin and that the factor elaborated by the bacteria can be demon- 
strated in the blood of animals injected with an invasive strain of 
staphylococcus. 


Spreading Factor in Other Organisms 

Although no extensive study has been made of the spreading and 
enhancing factor in bacteria other than the staph3dococcus, it has 
seemed important to get some idea of whether the principles estab- 
lished are operative in other bacteria. 
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Correlatian between Spreadmg Value and Invasiveness of Sfrepio- 
coccus . — 

For this group of tests 14 difiierent strains have been utilized.^ The lesions 
produced in the skin of rabbits were similar to those described by Rivers (12). 
The technique employed was essentially the same as that used in the study of the 
staphylococcus. The bacteria, grown on plasma or blood agar, were suspended or 
extracted in water. For some tests whole broth cultures were used and the ex- 
tracts in these instances consisted of filtrates of cultures. A description of the 
strains with the results of the tests is given in Table 


TABLE VI 

of Extracts of Invasive and Non-Invasive Streptococci on Infectiviiy^ 


Source of staphylococcus suspension 

Areas of 
lesions pro- 
duced by 0.5 
cc. of bacterial 
suspension 
plus 0.5 cc. 
of water 

Areas of 
lesions pro- 
duced by 0.5 
cc. of bacterial 
suspension 
plus 0.5 cc. 
of bacterial 
extract 

Source of lysate or extract from 
streptococcus 

Strain 1, non-invasive 

jq. cm. 

6.2 

rg. cm. 

27.6 

Strain E-1, invasive 

iC 

1. 

6.2 

24.0 

cc 

E-1, 

cc 

1. 

6.2 

29.2 

cc 

E-1, “ 

u 

1, 

6.2 

30.2 

cc 

E-1, “ 

<c 

5, invasive 

16.4 

30.2 

cs 

E-3, « 

cc 

S, “ 

16.4 

30.2 

if 

E-S, “ 

cc 

5, “ 

16.4 

29.2 

cc 

E-3, “ 

cc 

6, " 

21.1 

22.1 

cc 

A, non-in\'asive 


* The sizes of the lesions were measured 24 hours after the injections. 


Analysis of the data in Table V shows a general parallelism between 
the invasiveness for the skin and the existence of the spreading factor 
in each strain, a finding similar to that obser\^ed with staph 3 dococcus. 
How'ever, Strain 090/4/8 hemol^iic and its derivative show a de\da- 
tion of a quantitative order from this parallelism. Although these 
are rich in the spreading factor, the areas of their lesions are much 

^ Dr. G. Shwartzman supplied us with the 2 eryslpdzs strains. The others, 
except the last 4 in Table V, were kindly supplied by Drs. McEw*en and Lanceficld 
of the Hospital of The Rockefeller Institute. They also furnished the data con- 
cerning their \drulence in rabbits and mice. The nomenclature used by these 
workers to designate their strains has been retained. 
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Infective and Spreading Power of 15 Bacterial Species' 
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t Supplied by Dr. G. Rake. 

X Described by Dr. G. Shwartzman (13). 

§ Described by Dr. G. Shwartzmair (14). 

II Supplied aird studied by Dr. C. Nigg (15). 
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larger than the areas of spread of their extracts, and in this respect 
they differ from the other organisms studied. Another point of in- 
terest is that some of the strains considered virulent, judged by their 
ability to kill mice and rabbits, do not contain more spreading factor, 
and may even have less than other strains considered less virulent. 
These are examples of the observation that general virulence depends 
on other factors besides local invasiveness and the spreading factor. 

Enhancement of hifectivity by Extracts of Imasvce StreptococcL — 
The enhancing property of the bacterial extracts which has closely 
paralleled the spreading factor has been investigated for streptococ- 
cus. Extracts of invasive and non-invasive strains have been tested 
with invasive and non-invasive types of the organism by inoculation 
into the rabbit skin. The results are recorded in Table Yl. 

The results are entirely comparable to those obtained in the more 
extensive study of the staphylococcus and show again the dose paral- 
lelism between the enhancement of infection and the spreading prop- 
erty of the bacterial extracts. 

Ejxperinienis with Other Types of Bacteria . — ^In addition to the strains 
of staphylococcus and streptococcus, some 14 strains of other bac- 
teria have been investigated, and the size of the lesions produced in 
the skin compared with the spreading property of their extracts. The 
source and description of this material, with the results of the tests, 
are given in Table VII. 

Among the group included in Table Vll are organisms recognized 
as virulent for man and laboratory animals, yet without marked local 
invasive power and with a correspondingly low 3neld of the spreading 
factor. This is the same condition of affairs which was found to hold 
for 3 strains of streptococcus in the group reported above. 

DISCUSSION 

The experiments reported here seem to justify the conclusion that 
the invasion of the skin by staphylococcus depends on the presence 
in the microorganism of a substance which markedly increases the 
permeability of the tissue, thus rendering invasion more eas\\ The 
presence of this factor appears to be the principal difference between 
the invasive and non-invasive U^pe of the bacterium, for the non- 
invasive typo, when injected with the factor derived from invasive 
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EXPLANATION OF PLATES 
Plate 11 

Fig. 1. Rabbit 6-85, left side. Lesion produced after 24 hours by the intra- 
cutaneous injection of 0.5 cc. of a suspension of a 24 hour culture of an invasive 
strain of staphylococcus in 10 cc. of water. The contour of tlie lesion has been 
outlined in ink. The necrotic character of the lesion is not clearly seen. 

Fig, 2. Rabbit 6-85, right side. A , spread produced after 24 hours by the intra- 
cutaneous injection of 0.5 cc. of autolysate of the same strain plus 0.25 cc. of India 
ink dilution. B, spread produced after 24 hours by 0.5 cc. of water plus 0.25 cc. 
of India ink (control). Notice some secondar}’- spreading due to tlie action of the 
spreading factor from the lesion. The contours of the spreads have been outlined 
in ink. 

Plate 12 

Fig. 3. Rabbit 6-92, left side. A, lesion produced after 24 hours b)" tlic intra- 
cutaneous injection of 0,5 cc. of a suspension of a 24 hour culture of another in- 
vasive strain of staphylococcus in 10 cc. of water. The sharp necrotic character 
of the lesion is clearly seen, B, milder lesion produced by 0.5 cc. of a 24 hour 
broth culture of the same strain. The contours of the lesions have been outlined. 

Fig. 4. Rabbit 6-92, right side. A, spread produced after 24 hours by the 
intracutancous injection of 0.5 cc. of autolysate of the same strain plus 0.25 cc. of 
India ink dilution. B, spread produced by 0.5 cc. of the supernatant fluid of the 
centrifuged broth culture plus India ink. C, spread produced by 0.5 cc. of viatcr 
plus 0.25 cc. of India ink dilution. Notice the secondar}* spreading. The con- 
tours of the spreads have been outlined in ink. 
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Plate 13 

Fig. 5. Rabbit 5-00, left side. Lesion produced after 24 hours by the intra- 
cutaneous injection of 0.5 cc. of suspension of a 24 hour culture of a non-invasive 
strain of staphylococcus in 10 cc. of water. 

Fig. 6 . Rabbit 5-00, right side. A, spread produced after 24 hours by the 
intradennal injection of 0.5 cc. of water extract of the same strain plus 0.25 cc. 
of India ink dilution. B, spread by 0,5 cc. of water plus 0.25 cc. of India ink 
(control). Notice the absence of secondary spreading. 
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THE EVALUATION OF ACTIVE RESISTANCE TO PNEUjMO- 
COCCUS INFECTION IN RABBITS 


By KENNETH GOODNER, Ph.D., aot ERNEST G. STILLilAN, M.D. 

(From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, May 19, 1933) 

The utilization of the dermal pneumococcus infection to determine 
the active resistance of rabbits has been discussed in an earlier paper 
(1). Since the publication of that report the method has been applied 
in the study of an extensive series of animals, so that it has now become 
possible to evaluate the results obtained by the use of this method. 

It is commonly held that if an animal survives following an injection 
of virulent pneumococci, it is immune, or, conversely, if the animal 
dies, it is non-immune. Careful study reveals, however, that there 
are differences in the rate at which animals die, and certainly even 
greater differences in response to infection among those which survive. 
An animal’s resistance may be of such a character as to bring about 
recovery, but, nevertheless, the animal may suffer from a severe and 
protracted infection differing in no considerable respect from one in 
which the result is fatal. On the other hand, the degree of resistance 
may be such that the animal develops only a slight localized area of 
infection and shows no temperature elevation. Thus, while it is 
possible to stipulate arbitrarily that animals which die are non-immime, 
and those which survive are immune, it would seem more reasonable 
to hold that survival and death merely divide the gradient of response 
to infection into two phases, in each of which considerable differences 
may be encountered, and that the much abused terms “immune’^ and 
‘‘non-immune” describe the two extremes of the scale. 

The present paper deals with this gradient of resistance to infection 
as observ^ed in a large series of rabbits which, pre\Ious to infection 
had received courses of injection of pneumococci or their derivatives 
and in rabbits which had recovered from dermal pneumococcus in- 
fections spontaneously or following specific therapeutic measures. 

1S3 
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The method of test infection with pneumococci of the various t}p)es 
has been used in a large number of rabbits during the last 8 years. It is 
manifestly impossible to present in detail all the data which form the 
basis for the system of evaluation of resistance. The grades of active 
resistance which wiU be enumerated have been determined upon after 
a careful analysis of these data. Even if it were possible to recount 
all of the experiments^ it is doubtful if such data would contribute 
more than do the illustrative instances presented in this paper. Fur- 
ther evidence will be reported subsequently in connection vdth studies 
on the duration of active resistance following immunization. 

Methods Used for Test Infections 

The general technical procedures are those described in a previous paper on tlie 
dermal pneumococcus infection in rabbits (2), 

Cnliurcs . — All strains of pneumococci v^ere cultivated and frequently trans- 
ferred in rabbit blood brotli. Repeated rabbit passages v^ere used to maintain tlic 
virulence of the organisms. The following strains were used. 

Pneumococcus T3’pe I, original Neufeld strain; virulence such that 0.000,000,01 
cc. produces a fatal infection in rabbits following intradermal inoculation. 

Pneumococcus T}"pe II, Strain D 39; tlie virulence for rabbits fluctuates slightly, 
but 0.000,01 cc. given intradermall}" causes death in a majority of normal rabbits. 

Pneumococcus Tjq^e III, Strain PH; regularly produces a fatal infection in 
amounts as small as 0.000,1 cc. 

Method of Infective Inoculation , — Each animal to be tested received 0.2 cc. of 
undiluted 18 hour blood broth culture of Pneumococcus in the skin raidwa}' on the 
flank area. 

Observations, — ^Dail}’' determinations of rectal temperature were made. The 
appearance of the lesion was carefull}^ followed with regard to tlie area involved, 
the amount of edema, and the character of the inflammator>" color. In many 
cases these findings have been supplemented by blood cultures to determine the 
degree of blood invasion. 

The System of Grading of Active Resistance 

When the results of a long series of these infective tests are considered, 
it becomes immediately apparent that in terms of active resistance 
each animal may be assigned to one of several distinct groups, of vhich 
at one extreme is a group including the animals whidi died promptly, 
and at the other a group embracing those rabbits which showed greatest 
resistance to infection. Between these two extremes animals of inter 
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mediate resistance fall into groups which, may be arranged in a sequen- 
tial order. 

The different degrees or grades of active resistance to infection are 
listed in Table I, together with the distinguishing criteria. 

In Text-fig. 1 are shown temperature charts of rabbits illustrating 
the characteristic reactions of animals exhibiting the various grades 
of resistance to dermal infection with Type I Pneumococcus. En- 
tirely comparable results are obtained in animals infected with Pneu- 
mococcus Types II and m. 


TABLE I 

System of Grading of Active Resistance 

This system of dassification is based on the reactions vrhich follow the intra- 
dermal injection in rabbits of 0.2 cc, of an 18 hour blood broth culture of virulent 
pneumococci. 


Reaction after infective inoculation 


Grade 

Febrile reaction 

Extent of lesion 

! 

' Ultimate rerult 

j 

i 


Maximum temperature 

Duration 

1 

High 

Until death 

Widespread 

Death (within. 4 days) 

2 

tt 

it tt 

1 

it 

Death (after 4 days) 

3 

it 

5 days or longer 

te 

Survival 

4 

it 

Less than 5 days 

tc 

« 

5 

Elevated but less 
than I05.5°F. 

“ *c 5 » 

It 

tt 

6 

No significant 
elevation 

— 

Moderate to . 
widespread 

it 

7 

No elevation 

— 

Local 

tt 


The characteristics of the various grades of resistance may be de- 
fined as follows: 

Grade L — ^This grade is assigned to all animals which develop a U’pical edema- 
tous dermal infection and exhibit a high temperature persisting imtil death, the 
latter occurring \\dthin 4 days. This arbitrary' time period has been selected be- 
cause it covers the course of the infection in most normal controls. 

Grade 2.— This grade is allotted to those rabbits which die after 4 dzys. ]Many 
such cases arc encountered, especially with T>*pe HI infecdons. These animals 
arc apparently able to \rithstand the infection or hold it in check for many hours 
only to die as the resistance is gradually overcome. ^ 












186 


RESISTANCE TO PNEUMOCOCCUS INFECTION 


Grade 3 . — ^Animals which show a typical widespread lesion and a high tempera- 
ture persisting for 5 days or longer but wliich eventuall)’' survive, are given the 
rating of Grade 3. In some cases the recovery is abrupt, while in others the 
febrile reaction is of long duration and only gradually subsides to normal levels. 


°T. 



Text-Fig. 1. Temperature charts of rabbits which have been chosen as repre- 
sentative of the various grades of active resistance to pneumococcus dermal m 
fection. 

Grade Those rabbits whicli develop a verv' high rectal temperature (105.5 F. 
and above), but in which fever does not persist as long as 5 days, arc gh cn Gra c 
4. These cases also show a widespread edematous lesion. All animals in thi» 
group survive. The shorter febrile course is regarded as a significant feature. 

Grade 5.— The grading of 5 is assigned to those animals which show a tempera- 
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of Types I, II, and III pneumococci in equal proportions. 10 days 
after the last immunizing injection two of these rabbits were infected 
intradermally with Type I pneumococci, two with Type II, and two 
with Type III. Normal controls were likewise infected. The results 
of these test infections are shown in Table II. 

TABLE n 

Results of Test Ivfectiois in Rabbits Previously Given Intravenous Injections of 
Heat-Killed Suspensions of Pneumococcus Types 7, 77, and III 
Each of the first six rabbits had received identical immunizing courses of intra- 
venous injections of a vaccine cqmposed of equal numbers of heat-killed pneumo- 
cocci of Types I, II, and III. Test infections as indicated, 10 days after last in- 
jection of bacterial suspension. 






Reaction after infective inoculation 


Rabbit 

Character 

Test infec- 
tion with , 
Pneumo- i 
coccus 
Type 

Febrile reaction 



Grade 

assigned 

Maxi- 

mum 

tempera- 

ture 

Duration 

Extent of lesion 

End- 

result 

A 

Immunized 

1 I 

1 103.4 


Local 

s 

7 

B 

C( 

I 

103.4 

— 

tt 

s 

7 

C 

<t 

II 

103.5 

— 

Widespread 

s 

6 

D 

iC 

' II 

103.3 

— 


s 

6 

E 

It 

III 

104.4 

1 day 


s 

5 

F 


III 

104.1 

: 1 day 

tc 

s 

5 

G 

Normal control 

I 

? 

? 

tt 

D 1 

1 

H 

t( it 

II 

105.1 

Until death 

tt 

D4 

I 

I 

tt It 

III 

lOS.O 

tt tt 

ft 

D3 

1 


S = survival, 

D = death, at indicated number of da3"s after infective inoculation. 


From the results of this experiment, it will be noted that the animals infectc 
with T 3 pe I pneumococci developed onb’’ a local lesion and showed no febrile 
response. The resistance has been given the grade of 7. The rabbits infectc( 
with T 3 "pc II developed a widespread lesion, but did not show a febrile reaction, 
and the grade of 6 has been assigned. The rabbits infected with T 3 'pc HI 
developed a widespread edematous lesion, but in addition developed a fever vrhic 
persisted for a These have been classed as showing resistance of the fi ^ 

grade. All normal controls died within 4 da 3 's and their resistance has come- 
qucntly been rated as that of Grade 1. 
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That these a nim ak possessed a higher resistance against Type I 
pneumococci than against Type II, and higher resistance to Type 11 
than to Type HI pneumococcus infection, is not surprising in view of 
the fact that the antigenic capacities of these types range in the same 

TABLE m 

Active Resistance to Infection in Rabbits Prcoionsly Given Intravenous Injections of 

Pnenmococcus A utolysaie 

Each of the first six rabbits had received identical courses of intravenous injec- 
tions of bacterial material; three of these being treated with heat-kiUed T^’pe I 
pneumococci, and three with an autolysate of an equivalent amount of bacteria. 
Test infections as indicated were carried out 10 days after last injection of bacterial 
material. 





Reaction after infeed v’e inoculation 



Rabbit 

No. 

Immunizing courses 
with 

Test infec- 
tion with 
Pneumo- 
coccus 
T>*p« 

Febrile reaction 



Grade 

Maxi- 

mum 

tempera- 

ture 

Duration 

Extent of lesion 

End- 

result 

assigned 

1 

Heat-killed 

I 

102.9 


Local 

S 

7 

2 

Type I pneu- 
I mococci 

It (( 

I 

102.5 


« 

s 

7 

3 

it tt 

HI 1 

106.6 

II daj'S 

Widespread 

S 1 

3 

4 ' 

Autolysate of 

I 

106.3 

Until death 

tt 

D2 ' 

1 

5 

equivalent 

suspension 

(( it 

I 

106.4 

8 days 

tt 

S 

3 

6 

tt tt 

III 

106.3 

Until death 

tt 

D3 

1 

7 

Normal control 

I 

106.6 

(( tt 

it 

D4 

1 

8 

li €< 

1 

III 

106.6 

tt it 

it 

D4 

1 


S = sur\ival, 

D = death, at indicated number of days after infective inoculation. 


order. WTiile there is e\adence that these animals were really im- 
mune to T>p)e I pneumococcus infection, since there was no spread of 
the infectious process and no systemic reaction, it is doubtful if the 
same term can be correctly applied in the other cases, since the infec- 
tions nith Tj'pe II and Tjpe HI pneumococci gave nse to processes 
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which were not limited to the point of inoculation, and in the animals 
infected with T 3 ^e III Pneumococcus there was a definite systemic 
reaction. 

Experiinc7it 2. Active Resistance in Rabbits Previously Given Intra- 
venous Injections of Pneumococcus Autolysate. — This experiment was 
designed to determine the degree of active resistance brought about 
by injections of a heat-killed suspension of Type I pneumococci as 
compared to that produced by the injection of an autolysate of the 
same organisms, 

A suitable suspension of washed T 3 '^pe I pneumococci was divided into two 
equal parts. The first portion was immediatel}’’ heated at 6S®C. for 30 minutes, 
and the second was allowed to autolyze until no formed elements remained and 
then was heated in a similar manner. Identical courses of intravenous injections 
of these materials were then given to rabbits, three animals receiving tlie heat- 
killed organisms, and three the autotysate. 2 weeks after the last injection two 
rabbits of each group were infected with T 5 q)e I pneumococci, and one from each 
group was infected wdth T 3 qDe III. Normal controls were infected with each t\pc. 
The results of this experiment are shown in Table III. 

Those animals which received the intact bacterial cells were immune against 
T^Tpe I infection, as shown b}'' the failure to develop a febrile reaction and tlie fact 
that the infective process remained entirety localized. The rabbit infected wdth 
T^’-pe III survived the infection, but only after a long febrile period of 11 days. 
On the other hand, the animals which had been given injections of pneumococcus 
autotysate showed almost no resistance against either T3q5e I or T>"pe III. One 
rabbit survived infection with Tyqje I, but only after a long febrile disease. The 
normal controls died promptl 3 \ 

This experiment particularly emphasizes the failure of the criteria 
of survival and death as a basis for judgment of active immunity. By 
the application of the scale of grading it is easily possible to conclude 
(a) that following immunization with heat-killed suspensions of pneu- 
mococci the resistance is high and specific, and {b) that previous in- 
jections of pneumococcus autolysates confer little if any active resist- 
ance. 

Many similar instances of the inherent fallacies of the survdval-deat 
system of evaluating immunity or resistance have been ob:>cr\c(. 
Animals immunized with a given type of pneumococci, if tested at the 
proper time, show relatively high resistance to infection with the homo 
logous type, and almost invariably survive. If infected wdth pneumo 
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cocci of an heterologous type, the degree of resistance is always low, 
but some of the animals may survive and thus give an impression, if 
the circumstances are not understood, of non-type-specific active im- 
mimity. Similarly, if animals are immunized with rough pneumo- 
cocci, some may survive test infection with virulent smooth forms, but 
the degree of resistance, if determined in the manner described, is low 
in every instance. 

The question of the relation of the degree of resistance to the titer 
of specific antibodies of the serum of the test animal vnU be discussed at 
length in a subsequent paper, but it may be stated that these two fac- 
tors do not necessarily parallel each other. 

DISCUSSION 

In discussing the gradient of resistance to infection, it may be well 
to present the evidence now available as to the significance which can 
be attached to the various degrees of resistance as defined in this 
paper. 

While it is generally assumed that normal rabbits possess little 
active resistance to pneumococcus infection, we have observed that 
an occasional normal animal may recover spontaneously from Type 
I and T 3 q)e III pneumococcus infections, although only after a typi- 
cal febrile course (2, 4). These cases would be classed as showing a 
Grade 3 resistance. A few normal animals react in such a w'ay that 
their resistance would be rated as Grade 2. By far the greater number 
(about 98 per cent) show a complete lack of resistance (Grade 1). 
Thus, normal animals Virhich by commonly accepted definition are 
non-immune and possess no specific antibodies, may be found in each 
of the first three groups or grades. The t 3 q)e of reaction illustrated 
by Grade 3 is also frequently encountered in animals immunized to 
heterologous t>’pes of pneumococci, and to derivatives of pneumococci. 
These animals show no type-specific antibodies. 

Grade 7 represents the highest active resistance demonstrable under 
these conditions in a majority of instances. The infection fails to spread 
and there is no systemic reaction. Examples of this degree of resistance 
arc found only among those animals w'hich have been spedfically im- 
munized, citlicr actively or passively. This high degree of resistance 
is invariably associated with relatively high specific antibody titers. 
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Grade 6 also must represent a high degree of resistance, for, although 
the lesion spreads and in this respect resembles the less immune ani- 
mals, there is almost a total absence of systemic reaction. 

Grades 4 and 5 present a much more difficult subject for analysis. 
These grades have some features in common : a widespread edematous 
lesion and definite febrile reaction. In neither instance does tliis 
temperature persist as in Grade 3, a feature of special significance. 
Grades 4 and 5 are differentiated arbitrarily by the degree of this fe- 
brile response. The fever level in rabbits is about 104.0°F., and 
points over this are regarded as significant. In Group 5 the tem- 
perature always exceeds this level, but by definition does not exceed 
105.4°F. nor persist longer than 4 days. The medianism involved 
in bringing about the abbreviation of these infections is not under- 
stood. 

Although it is obvious that the virulence and the dosage of the in- 
vading organisms play a considerable part in the matter of the establish- 
ment of an infectious process, these complicating factors have been 
eliminated in the present experiments by the use of constant doses of 
pneumococci of almost constant virulence for the animals employed. 
It may be pointed out that at least two elements are concerned in 
these evaluations of active resistance. The first is the element of 
specific resistance, usually thought of as associated witli antibodies, 
either cellular or circulating. The second factor is that of the capacity 
of the animal body to react in such a way as to make possible ffic 
utilization of these specific elements; this appears to be tlie underlying 
basis which conditions the functioning of the influences which find 
expression in the phenomena of specific resistance. 

Aside from the primary purpose of this report, another matter o 
possible importance may be referred to. It has been shown that in 
animals possessing varying degrees of active resistance to pneumococ 
cus infection any one of a series of reactions, from the most mild to ic 
most severe, may be encountered. These reactions parallel in man} 
instances the varieties of lobar pneumonia seen in man, the fulminat 
ing type; the cases which die after a long febrile course; those 
undergo recoveiy by crisis or lysis; the abortive type; the cases v ic 
have definite pulmonary involvement but little systemic reaction, an(^ 
other varieties. It is suggested that these degrees of clinical sevent} 
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of lobar pneumonia may likewise indicate differences in the individual 
potentialities of active resistance. 

The data presented in this paper serve to emphasize that the terms 
‘^immunity' and ^^resistance/’ so frequently used in a positive or 
negative sense, can only be considered as relative. The mere fact that 
an animal survives a test infection leads to a wholly inadequate con- 
ception that this animal is immune or resistant. For example, if the 
commonly used experimental terms were applied to clinical practice, 
any patient who smrvives lobar pneumonia, no matter how severe the 
case, might be said to be actively immune at the beginning of the in- 
fection. Obviously, the term active immunity, in the positive sense, 
must refer to the ability to prevent or at least sharply limit infection, 
and the term non-immune, in the negative sense, to the total inability 
to cope with an infectious agent. A majority of cases of natural in- 
fection in man fall between these two extremes. It would seem that 
our understanding of infection and resistance must involve other cri- 
teria besides the question of survival and death in bacterial disease. 

SmiMAIlY 

The dermal pneumococcus infection has been employed to determine 
the active resistance of rabbits against infection, and an evaluating 
scale of the gradient of resistance has been established. The significance 
of the various degrees of resistance has been discussed, and the possible 
general inferences of the findings indicated. 
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RESISTANCE TO PNEUMOCOCCUS INFECTION IN RABBITS 
FOLLOWING BIMUNIZING INjF:CTIONS OF HEAT- 
RILLED PNEUMOCOCCUS SUSPENSIONS 

By ERNEST G. STILL^^IAN, M.D., and KENNETH GOODNER, 

{From the Hospital of The Rochejdlcr Institute for Medical Research) 

(Received for publication, May 22, 1933) 

Many studies have been published in regard to the antibodies de- 
veloped in animals following injections of bacterial suspensions, but 
these have seldom directly concerned the question of the induced 
resistance against infection. This, to some extent, is due to the 
difficulties in evaluating the various phenomena associated with ex- 
perimental infections. 

In an earlier paper (1), dealing with the dermal pneumococcus 
infection in rabbits, certain experiments were reported in which this 
method of infective inoculation was employed in an effort to determine 
the active resistance or immunity of these animals against Type I 
pneumococcus infection after specific conditioning by various means. 
A system of grading the relative degrees of active resistance against 
pneumococcus infection has been formulated on the basis of the large 
number of test infections which have subsequently been carried out 
(2). From the data presented it was concluded that the commonly 
accepted criteria for the evaluation of specific active resistance, ix, 
survival and death, are misleading, for they merely dmde the gradient 
of response to test infection into two phases, in either of which con- 
siderable differences may be observ’ed. 

The present paper deals with the degree and duration of the active 
resistance to infection obser\xd in rabbits following the intravenous 
injection of heat-killed pneumococci. The presence of U'pc-specific 
agglutinins and protective antibodies in the sera of these rabbits is 
compared with the degree of active resistance shown by the same 
animals. 
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EXPERIMENTAL 

The general plan of this project was as follows: A large number of 
rabbits were given simultaneously a short course of intravenous in- 
jections of heat-killed Type I, Type II, and Type HI pneumococci 
in equal proportions. At regular intervals for a year, animals, not 
previously tested, were infected with each of the three types of pneu- 
mococci to determine the degree of active resistance. Just before 
infection, the animals were bled and the titers of agglutinins and of 
type-specific protective substances in the serum were determined. 

Ctdtures. — ^The cultures used for both immunization and infection were as 
follows: 

Pneumococcus Type I (Neufeld strain); virulence such that 0.000,000,01 cc. 
produces fatal infection in rabbits following intradermal inoculation. 

Pneumococcus l]ype II (Strain D39); the virulence for rabbits fluctuates some- 
what, but 0.000,01 cc., given intradermally, causes death in a majority of the 
animals. 

Pneumococcus Type III (Strain PH) ; regularl}’’ produces fatal infection in 
rabbits in amounts as small as 0.000,1 cc., given intradermall 3 % Regular transfers 
are made in rabbit blood broth. Frequent rabbit passages are used to maintain the 
virulence of the organisms. 

Prcparaiim of Bacterial Suspensions for Immunization, — ^Heat-killed pneumo- 
cocci of each of these strains were suspended in physiological saline in a concen- 
tration such that 1 cc. of the suspension represented the bacterial cells contained 
in 10 cc. of the original broth cultme. Equal volumes of suspensions of tlie three 
t\q)es of pneumococci were then pooled so that the final preparation contained 
approximate^ the same number of organisms of each t>q)e. 

Method of Iinnmnization, — Rabbits were given three intravenous injections at 
4 day intervals, each injection consisting of 3 cc. of tlie pooled bacterial suspension. 

Selection of Animals for Testing, — ^At each test period following immunization 
a group of from six to nine rabbits, not previously examined, was selected at 
random. Two to three animals of the selected group were then tested against cac i 
of the three t^pes of Pneumococcus, to determine the presence of circulating Upc 
specific antibodies and the degree of active resistance to infection. Normal con ro 
rabbits were also infected at each test period with each t>7)e of Pneumococcus. 
In determining the duration of induced active resistance it is obviously possi e 
to test each animal onl}” once, since each test infection, provided the animal sur 
vives, may serve to alter the degree of resistance due to tlie original specific im 
munization. 

Delcrmwation of Agglulinvis. — The presence of agglutinins was determined b> a 
modified thread reaction (3). To 1 cc. of a dilution of rabbit scrum was addc ^ 
cc. of an actively growing broth culture of Pneumococcus of the type in question. 
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The tubes were then incubated for 2 hours in the water bath at 37°C., placed in the 
ice box overnight, and the reactions read the next morning. Agglutinins were 
recorded as present in the serum only when the reactions were positive in a serum 
dilution of at least 1~10. 

Determination of Protective Antibodies,— The presence of protective antibodies 
in the blood of the immunized rabbits was demonstrated in the usual m a n ner by 
determining the largest amount of culture against which 0.2 cc. of serum would 
protect white mice, the immime serum and culture being injected intraperitoneally 
at the same time. The virulence of these strains of pneumococci for mice was such 
that 0.000,000,1 cc. of a broth culture, given intraperitoneally invariably induced a 
fatal infection. The protective titer is recorded as negative if 0.2 cc. of the serum 
failed to protect against 0.000,001 cc. of culture. 

Method of Detertnviing Active Resistance, — Each rabbit to be tested against a 
particular type of Pneumococcus was given an intradennal inociilation of 0.2 cc. 
of an 18 hour blood broth culture of that type. The general details of this method 
have been previously described. Daily determinations were made of the body 
temperature. The appearance of the dermal lesion was carefully followed with 
regard to the area involved, the amount of edema, and the character of the in- 
flammatory color, pxirpura, etc. These observations were frequently supplemented 
by quantitative blood cultures to determine the degree of blood invasion. 

Method of Evaluating the Active Resistance, — ^The method of evaluating the results 
of the test infections in terms of degrees of active resistance has been described in 
detail in the previous paper (2). The various grades have been arbitrarily estab- 
lished on the basis of hundreds of test infections and certain general rules permit an 
effective classification of any similar test infection. 

For the purposes of this presentation, each animal wili be regarded as immunized 
only against that t>'pe of Pneumococcus with which it is subsequently tested. The 
possible effect of a crossing or overlapping resistance will be considered later. 

Induced Active Rcsistunce against Type I Pneumococcus Infection 

Although it is well recognized that Type I Pneumococcus possesses 
a relatively greater antigenic capacity than do the other tj’pes of 
pneumococci, it is also true that it is the more highly \Trulent when 
injected intradermally in rabbits. These tw'o qualities might be ex- 
pected to be soraew’hat mutually compensator}" as far as the deter- 
minations of resistance in immunized animals are concerned. The 
use of this t}T>e of Pneumococcus offers an excellent experimental condi- 
tion since even such a moderate immunizing procedure as that em- 
ployed might be expected to give rise to the formation of antibodies 
and thus to afford an opportunity to determine any correlation existing 
between the presence of these substances in the blood and the degree 
of active resistance to test infection. 
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TABLE I 


Degree ani Duration of Active Resistance to Type I Pneumococcus Infection in 
Rabbits Following Intravenous Injections of Heat-Killed Suspensions of 
Pneumococci (Types /, //, a72d III) 




Serum antibodies 


Test infection (Type I Pneumococcus) 


Test 

interval 

Rabbit 

No. 

Agglu- 


Febriic reaction 


End- 

result 

' 

Grade of 
resistance 



tinin 

titer 

Protective 

titer 

Maxi- 

mum 

Duration 

Extent of lesion 

days 

10 


1-20 

cc, 

0.1 

91 


Localized 

s 

7 



1-50 

0.1 


— 

« 

s 

7 

mos, 

1 

1 

1-10 

0.1 

91 


(( 

s 

7 



1-40 

0.1 

919 

1 day 

Moderate 

s 

5 



1-10 

0.1 

103.6 


spread 

<{ ic 

s 

6 

2 

1 


0.001 



Widespread 

s 

5 




0.001 

106.5 



s 

4 




0.000,1 

106.9 

8 days 

<c 

s 

3 

3 

1 


0.01 

106.6 

6 days 

ti 

s 

3 




0.1 

103.6 

— 


. s 

1 ^ 



1-10 

0.1 

104.6 

1 day 

<c 

s 

5 

4 

1 

— 

0.01 

104.2 

1 day 


s 

5 



— 

0.001 

105.8 

2 days 

« 

s 

4 



— 

0.01 

104.9 

1 day 

<( 

s 

5 

4 

5 

1 

— 

0.001 

105.6 

3 days 

<{ 

s 



— 

0.01 

104.4 

3 days 

« 

s 

5 



— 

0.001 

106.6 

Until death 


D3 

1 

6 

1 

— 

0.001 

106.1 

9 days 

it 

S 

3 



— 

0.001 

106.2 

2 days 

ct 

S 

4 



— 

0.01 

104.5 

1 day 

(C 

S 

5 

7 


— 

0.000,1 

105.1 

1 day 

u 

S 

5 


2 

— 

0.000,1 

106.2 

Until death 

u 

D3 

I 


3 

— 

0.001 

106.5 

u 

u 

D5 

2 


S = sundval. 

D = death, at indicated number of days after infective inoculation. 

The agglutinin titer is expressed in the highest dilution in which agglutination 
occurred with the t} 7 )e of pneumococcus homologous to that used in the test m 
fection. A minus sign indicates that no agglutinins were demonstrable. 

The protective titer is expressed in the largest amount of culture against whic^ 
0.2 cc. of the serum protected mice from infection with the txpc of Pneumococcus 
homologous to that used in tlic test infection. 
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TABLE I — Concluded 




Serum antibodits 


Test infection (T5T)e I Pneumococcus) 


Test 

interval 

EtabbU 

No. 

Ag^u* 

tinin 

titer 

Protective 

titer 

Febrile reaction 


End- 

result 

Grade of 
resistance 

Maxi- 

mum 

Duration 

Extent of lesion 

mos. 

8 

1 


cc. 

0.000,1 

106.8 

Until death 

Widespread 

D4 

2 


2 

— 

0.1 

105.9 

« « 

it 

D3 

1 


3 

— 

0.000,1 

107.5 

7 days 

tt 

S 

3 

9 

1 ' 

— 

0.001 

105.0 

2 days 

tt 

S 

5 


2 

— ' 

0.000,1 

106.7 

Until death 

tt 

D3 

1 


3 

— 

0.000,1 

106.0 

U ii 

tt 

D3 

1 

10| 

1 

— 


106.9 

5 days 

' 

S 

3 


2 

— 


105.1 

Until death 

(( 

D3 

1 

12 

1 

— 


106.5 

tt it 

it 

D12 

2 


2 

— 

0.000,1 

104.4 

if « 

tt 

D4 

1 


3 

— 

mm 

106.6 

5 days 

tt 

S 

3 


The data regarding the resistance of these artificially immunized 
animals against Tj^pe I pneumococcus infection at various periods 
during the year following the immunization process are summarized 
in Table I, together with data on the antibodies demonstrable in the 
sera of these rabbits at the time of infection. 

For the purpose of graphic presentation the mean values of each of 
the three determinations are plotted in Text-fig. 1. It is obvious that 
too few cases are involved to give any considerable significance to 
these average figures but they do serve to indicate the general trends. 

A^glutwins , — rom the results shown in Table I, it will be noted that agglutinins 
were found in the sera of these rabbits up to and including the first month in a 
titer of 1-10 or better, but after that time they were demonstrable in only a single 
instance. This finding is entirely consistent with the results previously reported 
by one of us (5). 

Protective Substcnccs , — From the data concerning the titer of the protective 
antibodies it will be noted that there is a considerable indiridual variation. The 
passive protection was high in all cases during the 1st month. Thereafter the 
protective substances were uniformly present but in widely \*ar>ing degree. If one 
calculates the average protective titer at each test period there is a shght but defi- 
nite tcndcnc}' to decrease during the 12 month i>eriod. In general, these findings 
arc consistent with the results in prcriously reported experiments in which it was 
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shown that a detectable titer of protective antibodies ma}^ persist for several 
years in the serum of rabbits immunized with Tj^pe I pneumococci (5). 

Active Resistance . — ^High active resistance was shovm in animals 
tested 10 days after the completion of the immunizing course. Again 
at the 30 day period the responses to infection Avere indicative of a 



Wonth3 |ollowing last injection of bacteriaJ suspension 


'^Text-Fig. 1. Charts of the degree and duration of active resistance to Typ^ ^ 
pneumococcus infection and of specific serum antibodies in rabbits following intra- 
venous injections of heat-killed suspensions of pneumococci (Types I, H, and IlD- 
The points represent the means of the various determinations at each test period. 

rather effective degree of resistance. During the next 4 months die 
results were irregular but the general level was much lower. Begin- 
ning at the 7th month the level of resistance again dropped and then 
remained low although a few indi\ridual animals still showed a moder- 
ate resistance. In spite of a considerable indhridual variation it i5 




TABLE n 


Degree and Duration of Active Resistance to Type U Pitetimococcus Infection in 
Raibits Folloioing Intravenous Injections of Heat-Killed Sttspensions of 
Pneumococci (Types I, II, and III) 




Seram antibodies 

Test infection (Type H Pneumococcus) 

Test R 
interval 

1 

Agglu- 

tinin 

titer 


Febrile reaction 

Extent of lesion 

End- 
result 1 

Grade of 
resistance 

Protective 

tiler 

Maxi- 

mum 

Duration 

days 

B 

■ 

cc. 

•F. 





10 

1 

H 

O.OI 

103.5 

— 

Widespread 

s 

6 


2 

B 

0.001 

103.3 

— 

(C 

s 

6 

mos. 


B 







1 

1 

B 

0.000,001 

104.3 

2 days 

it 

s 

5 


2 

B 

0.000,001 

103.6 


{< 

s 

6 


3 

B 

0.000,001 

103,7 


it 

s 

6 

2 

1 

H 

0.000,001 

105.2 

2 days 

it 

s 

5 


2 

1-10 

0.01 

103.2 

— 

(C 

s 

6 


3 

— 

0.01 

104.0 

1 day 1 

<{ 

s 

5 

3 

1 

— 

0.001 

104.2 

1 day 

u 

s 

5 


' 2 

1 ^ 

0.01 

104.9 

1 day 

ti 

s 

5 


3 


0.001 

105.5 

1 day 

It 

s 

4 

4 

1 

— 

, 0.000,1 

103.5 

— 

it 

s 

6 


2 1 


0.001 

105.3 

1 day 

it 

S 

5 


3 1 

— 

0.001 

104.8 

1 day 

it 

s 

5 

5 

1 


0.001 

103.8 

— 

it 

s 

6 



B 

0.000,01 

104.2 

1 day 

! “ 

s 

5 




0.001 

104.0 

— 

ti 

5 

5 

6 

1 

- 

0.01 

102.7 

— 

Localized | 

s 

7 



B 

0.001 

104.1 i 

1 day 

Widespread j 

s 

5 




0.01 

103.2 

— 

a 1 

s 

6 

7 

1 

— 

0.000,001 

106.0 

1 day 

ti 

s 

4 


2 

— 

0.01 

104.8 

1 day 

ic 

s 

5 


3 

— 

0.000,001 

103.3 

— 

it 

s 

6 

8 

1 

— 

0.000,01 

104.1 

1 daj' 

ti 

s 

5 



B 

0.000,1 

104.3 

1 day 

ti 

s 

5 



B 

0.000,01 

105.2 

3 days 

ti 

s 

5 

9 



0.01 

103.9 

1 day 

ft 

s 

6 



B 

0.001 

104.2 

1 day 

tt 

s 

5 




0.001 

106.5 

Until death 

tt 

D6 

2 

lOl 

1 

— 

0.000,001 

101.1 

1 day 

It 

s 

5 


2 

— 

0.000,1 

108.0 

Until death 

tt 

D4 

1 

12 

1 

— 

0.000,001 

106.3 

2 days 

tt 

S 

4 


2 

— 

0.000,1 

105.6 

2 days 

tt 

s 

4 


3 

— 

0.000,1 

106.1 

Until death 

tt 

D3 

1 


S *= survival. 

D « death, at indicated number of da}*s after infective inoculation. 
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apparent that the high degree of immunity observed just after die 
conclusion of the unmunizing procedure disappeared veiy rapidly, 
giving way to a second or intermediate phase in which a moderate degree 
of resistance was stUl present and in which most of the animals sur- 



ITbnths joJlowing last injection of bacterial suspension 


Text-Fig. 2. Charts of the degree and duration of active resistance to Tjpc II 
pneumococcus infection and of specific serum antibodies in rabbits folloving 
intravenous injections of heat-killed suspensions of pneumococci (Tj’pes I, II, 
and III). The points represent the means of the various determinations at each 
test period. 

vived. This in turn gave way to a phase of very low resistance in 
which fully half of the animals died following infection and in which 
the average rating of resistance corresponded to Grade 2. It is pre- 
sumed that this phase would eventuaUy reacli a final stage in which all 
animals would be completely lacking in ability to combat infection. 
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Although a comparison of the means of the various determinations 
is suggestive of certain possible correlations between active resistance 
and antibody titers, a consideration of the data on some individual 
animals leads to a very confusing picture. From a determination of 
the passively transferable immunity, it is difficult to predict how an 
individual animal will react to infective inoculation. 

Induced Active Resistance Against Type II Pnenmococctis Infection 

The results of test infections with Type II pneumococci are sum- 
marized in Table 11. The means of the various determinations are 
shown in Text-fig. 2. 

Only one rabbit in the series showed agglutinins against the Type 11 Pneumo- 
coccus. The protective titers of the sera of the individual rabbits were so varied 
that averages are without significance. No trend is apparent. 

The active resistance at the first test period was somewhat lower 
than that with Type I but remained relatively unchanged for 9 months. 
The average rating for this entire period was around Grade 5, and there 
was much less individual variation than in the Type I pneumococcus 
infections. After 9 months the mean resistance dropped sharply and 
it is presumed that the protective mechanism which had previously 
been effective in maintaining the resistance was no longer sufficient 
to prevent serious infection. A comparison of the data on the in- 
dividual cases reveals little correlation between protective titer of the 
serum and the grade of active resistance to infection. 

It is difficult to understand why these animals maintained such 
high degrees of active resistance against Ty^e 11 pneumococcus in- 
fection for this relatively long period of time. The results are some- 
w'hat paradoxical in view of the commonly accepted fact that Type 11 
Pneumococcus is less antigenic than Type I. On the other hand, the 
virulence of Ty^Dc II Pneumococcus is somewhat lower than that of 
Type I. Certainly’’ it would seem that Ty’pe II Pneumococcus is not 
as invasive as T}’pe I in the face of similar protective mechanisms. 

Induced Active Resistance against Type III Pneumococcus Infection 

The data on the rabbits which were given T}T)e III pneumococcus 
test infections are presented in Table III and shown graphically in 
Text-fig. 3. 



TABLE in 


Degree and Duration of Active Resistance to Type III Pneumococcus Infection in 
Rabbits Following Intravenoits Injections of Heat-Killed Suspensions of 
Pneumococci {Types 7, 77, and III) 


^ Test 
interval 

Rabbit 

No. 

Serum antibodies 

Test infection (Type III Pneumococcus) 

Agglu- 

tinin 

titer 

Protec- 

tive 

titer 

Febrile reaction 


End- 

result 

Grade of 
resistance 

Maximum 

Duration 

Extent of lesion 

days 



rc. 

“F. 





10 

1 

— 

— 

104.4 

1 day 

Widespread 

s 

5 


2 


— 

104.1 

1 day 

tt 

s 

5 

mos* 









1 

1 



— 

105.8 

1 day 

tt 

s 

4 


2 

— 

— 

105.3 

1 day 

tt 

s 

5 


3 

— 

— 

104.3 

1 day 

ft 

s 

5 

2 

1 

— 

— 

105.5 

3 days 

(f 

s 

4 


2 

— 

— 

109.7 

4 da3'’S 

tt 

s 

5 


3 

— 

— 

107.3 

Until death 

tt 

D5 

2 

3 

1 

— 

— 

106.0 


tt 

D5 

2 


2 

— 

— 

106.9 

13 days 

tt 

S 

3 


3 

— 

— 

107.5 

Until death 

tt 

D 7 

3 

4 

1 

— 

— 

104.3 

(( <( 

tt 

D3 

1 


2 

— 

— 

106.7 

16 days 

tt 

s 

3 


3 

— 

— 

104.2 

Until death 

tt 

D2 

1 

5 

1 

— 

— 

107.9 

« <i 

tt 

D9 

2 


2 





105.9 

tc it 

tt 

D5 

2 


3 





106.6 

it tt 

it 

D 14 

2 

6 

1 



— 

106.6 

it it 

tt 

D 12 

2 


2 

— 

— 

107.1 

tt tt 

tt 

D7 

2 


3 

— 

— 

106.4 

10 daj^s 

tt 

S 

3 

7 

1 

— 

— 

106.3 

Until death 

tt 

D6 

2 


2 

— 

— 

106.3 

6 days 

tt 

S 

3 


3 

— 

— 

106.5 

Until death 

tt 

D4 

1 

8 

1 

— 

— 

104.6 

3 da}’’S 

tt 

S 

5 


2 

— 

— 

104.7 

2 day's 

tt 

S 

5 


3 

— 

— 

105.6 

5 days 

it 

s 

3 

9 

1 





106.3 

Until death 

it 

D S 

2 


2 

— 

— 

106.1 

it it 

tt 

D4 

1 


3 

— 

— 

106.5 

6 day's 

it 

S 

3 

lOJ 

1 

- 



106.0 

Until death 

it 

D 8 

1 


2 

-■ ■ 



107.5 

tt tt 

tt 

D5 

2 

12 

1 

— 

— 

106.7 

tt tt 

ft 

D3 

1 


2 

— 

— 

105.5 

5 day's 

tt 

S 

3 

4 


3 

— 

— 

106.4 

Until death 

tt 

D 2 

1 


S = sumval. 

D = death, at indicated number of days after infective inoculation. 
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No agglutinins or protective antibodies against T>"pe III Pneiimococcxis were 
detected in the serum of any of these animak. Considering the short course of 
immunization and the well known low antigenicit}’’ of this t>’pe of Pneumococcus 
these results are not surprising. 



Text-Fig. 3, Charts of the degree and duration of active resistance to T>'pe III 
pneumococcus infection and of specific serum antibodies in rabbits follovdng intra- 
venous injections of heat-killed suspensions of pneumococci (T\*pe 3 1, II, and III). 
The points represent the means of the various determinations at each test period. 

A fair degree of active resistance against infection with this type of 
Pneumococcus w'as showm during the 1st month. This feU off rather 
sharply and remained thereafter at a low level except for one irregu- 
larit}’’ at the 8th month at which time for some unknown reason two 
of the animals showed considerable resistance. These indi\ddual fac- 
tors can never be entirely eliminated. This irregular finding is indi- 
cated by a point on the chart but is not connected with the remainder 
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of the curve since it is obviously at great variance witli the other 
findings. 


Anti-R Titer and Resistance to Infection 

In about fifty of these animals determinations were made of the 
anti-R titer of the sera. No correlation was found between these titers 
and the grade of active resistance or with other determined factors. 

Correlation of Active Resistance and Antibody Titers 

The lack of parallelism between the specific agglutinin titer and the 
mouse-protective titer in the same rabbit sera is not reckoned as a 
significant matter and may be largely accounted for by tlie fact that 
the mouse-protective test is much more sensitive than 'the agglutinin 
titration. It will be noted from the foregoing data that, in each in- 
stance in which agglutinins were demonstrated, the active resistance to 
infection was relatively high. The converse was not true. 

Although there is some correlation between protective titer and tlie 
degrees of active resistance when the averages for any time period are 
considered, the suggestion of parallelism is less apparent when the data 
on the individual animals are studied. The results of the protection 
titrations in mice have been plotted against the grades of active resist- 
ance for each animal in the Type I and Type II series and are shown 
in Text-fig. 4. The results with the Type III infections have not been 
included since no protective antibodies were obtained with this immuni- 
zation procedure. 

It will be noted that on this chart the solid circles which represent 
the animals infected with Type I pneumococci occupy in general one 
section while the open circles which represent the animals infected 
with Type II pneumococci are oppositely placed. It would appear 
that the resistance to infection with one type of Pneumococcus is 
quite different from that exhibited against another tjqDe even though 
the sera of the rabbits may show equivalent potencies in the passive 
protection of mice. Thus, with high protective titers, animals show 
a wide range of degrees of resistance to Type I pneumococcus infection, 
whereas with widely varying protective titers, animals show relatively 
high resistance to Tj^pe II pneumococus infection. It is suggested 
that this may be accounted for in part by the differences in Nirulencc 
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between the two types, for it might be expected that the Type IE 
Pneumococcus, possessing the lower \-irulence for normal rabbits, 
might also be less invasive in the face of similar protective mechanisms. 

It may be pointed out that, in the individual instance, a high pro- 
tective titer is not necessarily correlated with a high degree of active 


Ttotective titer 
of rabbit sera 
in mice 

Grade of active resistance in rabbits 
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Text-Fig, 4. The degrees of active resistance in relation to the specific pro- 
tectivc titers in individual rabbits. 

resistance, and vice versa. On the other hand, and especialh- '^nth the 
T}’pe I pneumococcus infections, there is a general correlation, since 
if one considers either the medians or the modes at the various levels 
of protective titers, it is apparent that the higher grades of active 
resistance may be roughly correlated \^^th the higher levels of pro* 
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tective substances in the sera of the rabbits. The many exceptions 
to this parallelism tend to confuse the issue to such an extent that 
general conclusions cannot be drawm. It is possible that if aU other 
factors entering into the phenomena of active resistance could be kept 
constant there would be an absolute parallelism between specific 
antibody titer and active resistance. Evidence is accumulating to the 
effect that there are many conditions which may serve to considerably 
modify active resistance due to specific immune factors, and that the 
manifestations of specific active resistance are largely conditioned 
by the adequacy of the non-specific factors and their capacity to 
function. The result of a test for active resistance is essentially the 
algebraic sum of aU specific and constitutional factors. Another 
element which tends to confuse any theoretical parallelism is that the 
mouse-protective titration for passively transferable specific anti- 
bodies involves a second complex biological structure in whicli these 
same constitutional factors may be as varied as in the rabbit from 
which the serum was derived. 


DISCUSSION 

Since Type I, Type II, and Type III pneumococci differ in virulence 
for rabbits and in their antigenic capacity, it might be expected that 
certain differences might be encountered in the degree and duration 
of specific resistance brought about by immunization procedures. 
This has been shown to be the case. The height of the resistance im- 
mediately following immunization appears to be comparable to the 
relative antigenic capacity of the type of Pneumococcus. On the 
other hand, the duration of high resistance was short in the case of 
Tjqjes I and III but much longer in the case of Tjq^e II. 

Although the animals were immunized Avith a suspension of pneu- 
mococci of three types, it is apparent that the results are charactcr- 
isticall}^ different for each type used for infection. 

These experiments emphasize the fact that surAUval and death scrAC 
as a poor index of the resistance against specific infection by the in- 
diAudual animal following immunization procedures, except m in- 
dicating a dh’iding line in the gradient of resistance. 

At first examination the data presented might throw some Avcight 
against the preA’alent conception of the role played by certain dc 
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terminable antibodies in protection against infection. It must be 
borne in mind, however, that there are many limitations in determin- 
ing outside of the animal body all of the factors w'hich may take part 
in the increased resistance. There is at present no method of de- 
termining ill vitro the sessile antibodies or other cellular factors which 
may play a significant role. An equally important fact is that the 
evaluation of circulating antibodies at the time of infective inoculation 
gives no index of the latent but conditioned potentiality of the animal 
body to produce quickly or to renew specific resistance factors after 
the stimulus of infection. 

These facts may have some significance in the matter of active 
antipneumococcic immunization in man. It may be pointed out that 
the number of immunizing injections and the amount of bacterial 
material which was used correspond rather closely to the conditions 
employed in certain previous attempts at human immunization. 'WTiile 
such an immunization procedure in rabbits does enhance greatly the 
possibility of the rabbit surviving any specific infection it does not 
prevent, after the 1st month, a considerable involvement which is 
generally accompanied by some form of systemic reaction. The 
increase of resistance induced in man by such a procedure might con- 
ceivably be greater since the natural resistance already present in man 
might be considerably greater than that in the rabbit. 

SUMMARY 

The degree and duration of the active resistance against pneumo- 
coccus infection have been determined in rabbits which received intra- 
venous injections of a heat-killed suspension of pneumococci of the 
three principal t3qDes. The resistance induced by the immunization 
procedure varied in degree and in duration with each type of Pneumo- 
coccus. 
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To workers engaged in the study of yellow fever it has always been a 
question of interest whether the virus multiplies in its insect host. 
Gay and SeUards (1) in 1927 plotted a conjectural curve showing an in- 
crease of virus in mosquitoes for 3 weeks after the ingestion of infec- 
tious blood; the initial increase was followed by a constant level. 
Recently, Davis (2), in discussing the early development of infectivity 
in stegomyia mosquitoes at temperatures of 30°C. and above, gave as 
a probable explanation the rapid multiplication of \drus at those 
temperatures. The present series of titration experiments shows con- 
clusively that in the highly efl&cient insect host, Aedes {Siegotiiyia) 
acgypli (Linn.), the quantity of virus present never surpasses that 
originally ingested. 


Methods 

It was planned at first to titrate neuro tropic yellow fever virus in mosquitoes 
which had fed on mice or on monkej’s at a suitable inten^al after a massive in- 
oculation vdth infected mouse brains. Various difficulties superv’ened. It was 
found that the neuro tropic \'inis did not reach a high concentration in the blood 
stream of either species of animal. Feeding of mosquitoes on artificial mixtures of 
blood and infected mouse brains proved to be impracticable; never did enough 
insects feed to allow for an adequate series of titration c.\eriments. For detecting 
small quantities of \drus in mosquito suspensions, the intracerebral route of injec- 
tion into mice proved superior to the in tra peritoneal route; hovrever, irrespective 
of the route of injection, bacterial contaminants in the lower dilutions frequently 

* The studies and observations on which this paper is based were conducted 
with the support and under the auspices of the International Health Division of 
the Rockefeller Foundation. 
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killed many animals. Filtration introduced an unknown, and probably variable, 
factor. In spite of the considerable expense involved, it was finally decided to 
work with viscerotropic yellow fever virus, Asibi strain, and to use rhesus monke}’s 
as test animals. 

Three series of titration experiments were performed. For tlie first series 
about 600 to 700 insects, and for each of the second and third series about 1,000 
insects, never previously fed on blood, were allowed to engorge on an infected 
monkey. For convenience in handling they were distributed among four to six 
cages. At the beginning of each series all were approximate^ 2 weeks old. In 
each initial experiment, before the meal on infectious blood, 120 mosquitoes were 
weighed alive, 10 at a time, in celluloid catching tubes. In the first and third 
series honey and water remained in the cages until tlie hour of feeding; in tlic 
second series food and water had been removed about 16 hours beforehand. The 
infected (febrile) monkey was left in each cage for 1/2 hour. The amount of 
blood ingested was determined at the end of tlie feeding period from the increased 
weight of 100 mosquitoes intended for titration in tlie first experiment. For tliis, 
as well as for subsequent experiments, representatives were caught from all cages. 
Mosquitoes that had failed to take blood were destro3Td. Except for such blood 
meals as will be mentioned in the protocols, the infected lots of mosquitoes received 
routinely only honey for food; wet cotton in each cage furnished water. 

One hundred infected mosquitoes were titrated in nearty ever}’’ experiment. 
For Experiment 5 of the first series only 90 mosquitoes were available; for Experi- 
ment 6 of the second series only 87 mosquitoes were still alive. The insects were 
anesthetized with chloroform at the time of catching; many of tlicm were not 
actually killed until tliey were gound in the mortar. Except in the early experi- 
ments of the first series they were mashed into a paste with a few drops of undiluted 
normal monkey serum; to the paste was added 0.5 gm. of finely powdered pyrex 
glass (this material for grinding was chosen at the suggestion of Dr. J. H. Bauer). 
The glass had received a preliminary treatment with strong sulfuric acid, had been 
washed many times with distilled water, and had been dried in a porcelain dish 
over a flame. In small La Motte cups for testing hydrogen ion concentration, flic 
addition of this powder to distilled water of pH 6.9 changed the reaction to pH 7.1. 
Grinding of the mosquitoes after tlie addition of powdered glass occupied about 
minutes. 

The lowest dilution in each case was 1:100 (except in the first scries, where an 
error in calculation was made). Dilution was based on volume of blood ingestcf , 
determined from the weight, using the factor 1.06 as the approximate speci ic 
gravity of monkey blood. Included in tlie calculated total of dilution fluid ^'cre 
the fe\v drops of whole serum already added before grinding; the rest of the fluu 
was 10 per cent normal monkey scrum in physiological saline solution. 
mately one-half of this quantity was saved for rinsing the mortar and pestle. ^ 
total time required for grinding and diluting was 6 to 7 minutes. Dilutions m a 
experiments subsequent to the first one in each scries were made as if the mosqui- 
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toes contained at the moment the original amoimt of blood ingested. That is, in 
a given series the amount of dilution fluid ^as the same in ever>' experiment. The 
1:100 suspension of ground mosquitoes was lightly centrifuged for 3 minutes. An 
attempt was made to have the rate of centrifugalization the same each time, but 
probably this uniformity was only approximate because of variations in strength 
of electric current. From the somewhat turbid supernatant fluid higher dilutions 
were made with 10 per cent normal monkey serum, using a clean sterile pipette 
for each successive dilution. 

Monkeys, iisually in duplicate, were inoculated subcutaneously with 1 cc. of 
each dilution. In no instance did an unnecessary delay occur; injections were 
begun within 1/2 hour of catching the mosqxiitoes. Temperatures of the animals 
were taken twice daily during the period of observation. At the end of about 3 
weeks sur\dvors were bled for a test of immunit>% but were still kept under obser- 
vation. Prolonged surveillance was necessary", because five monke>*s died with 
t>q)ical yellow fever at 3 weeks, or more, after inoculation; the two latest deaths were 
at 29 and at 27 days, respectively. In all cases of death, confirmation of yellow 
fever was made by microscopical examination of liver sections. Sera from sur- 
vivors were tested against neurotropic virus in mice. Animals whose sera gave 
protection, and those whose sera were inconclusive, were given test doses of potent 
viscerotropic virus as a further check on the presence of immimit>\ Those whose 
sera were definitely negative by the mouse test, and which survived an additional 
period of observation without fever, were considered suitable for use in later 
experiments. 


Results of Afosquiio Titrations in Monkeys 

Series I {Begun February 15, 1932). — ^The average weight of 120 un- 
fed mosquitoes chosen as a sample, 30 from each of four cages, was 
2.805 mg. The average weight of blood ingested by 100 engorged 
mosquitoes used in the first e.xperiment, was 1.25 mg. 

Table I summarizes the results of titrations immediately following 
engorgement, and at inter\^als of 4, 14, and 28 days thereafter. The 
immediate end-point (first e.xperiment) was at a dilution of 1; 18,000- 
000. The end-point in the two succeeding experiments (at 4 and at 14 
daj's) was at a dilution of 1:36,000. The end-point in the fourth 
e.\-periment (at 28 days) was at a dilution of 1 : 1,800,000. 

To account for the rise in titer from the third to the fourth e.xperi- 
ment several factors had to be considered, which conceirably may have 
influenced results: (a) the passage of time (a fortnight between e.xperi- 
ments); {b) a single meal on normal monkey blood 2 da 3 's before the 
fourth titration (3) ; (c) the addition in the fourth e.xperiment of 3 drops 
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of undiluted normal monkey serum to the mosquitoes before grindin 
with powdered glass. 

A sufficient number of mosquitoes remained alive to test the protec- 
tive value of whole serum. Therefore, a fifth experiment (not included 
in Table I) was performed. Ninety surviving mosquitoes were killed 
and distributed equally between two mortars. To one-half, whole 
serum was added before grinding; to the other half none was added. 
Both lots were diluted to 1:180,000 with 10 per cent normal monkey 
serum; and six monkeys were inoculated, three from each lot. Of tlie 
monkeys inoculated from the mosquito lot which had received an 
addition of whole serum before being ground, all three died with yellow 
fever. Of those inoculated from the duplicate lot of mosquitoes 
which had not been ground with serum, only one died, and the otlier 
two were not immunized. The result indicated that the addition 
of whole serum before grinding “with powdered glass undoubtedly 
helped to preserve the virus. 

Serks II {Begun March 28, 1932 ). — ^The average weight of 120 unfed 
mosquitoes chosen as a sample, 20 from each of six lots, was 2.783 mg. 
The average weight of blood ingested by 100 engorged mosquitoes used 
in the first experiment was 1.534 mg. In each experiment 0.3 cc. of 
undiluted normal monkey serum was added to the mosquitoes before 


grinding. 

Table II summarizes the results of titrations immediately following 


engorgement, and at inter\mls of 1, 3, 5, and 11 weeks thereafter. Ihc 
immediate end-point (first experiment) was at a dilution of 1:1,000- 


000,000. 1 week later the highest dilution causing fatalities vas 

1: 1,000,000. At 3 weeks the dilution 1:50,000,000 killed a monkey. 
At 5 weeks the highest infective dilution was also 1 : 50,000,000 for the 
mosquitoes wffiich had been offered a blood meal four times in the 
preceding fortnight; for those wffiich had ingested no blood, it uas 
1:1,000,000. Before feeding any'’ lots betw'een the experiments at 3 
w’eeks and at 5 iveeks, a thorough intermixture of mosquitoes vns 
effected among Batches 1 and 4, 2 and 5, 3 and 6; this should haNC 
equalized the lots offered blood (Nos. 1 to 3) and those not ofTcrcc^ 
blood (Nos. 4 to 6). During the succeeding 6 weeks no mosquitoes 
took blood. The combined survivors of all lots (87 mosquitoes) at 
weeks after infection gave an end-point at a dilution of 1 ; 1,000,000. 


to 
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Series III {Begun May 30, — The average weight of 120 unfed 

mosquitoes chosen as a sample, 20 from each of six lots, was 2.47 mg. 
The average weight of blood ingested by 100 engorged mosquitoes 
used in the first experiment was 1.13 mg. In each experiment 0.35 cc, 
of undiluted normal monkey serum was added to the mosquitoes before 
grinding. 

Table III summarizes the results of titrations immediately following 
engorgement, and at intervals of 4 days, and of 6 weeks thereafter. 
The immediate end-point (first experiment) was at a dilution of 1:1- 
000,000,000. 4 days later the end-point was at 1; 10,000,000. After 
6 weeks it had risen to 1 : 100,000,000, both for the mosquitoes which 
had been offered six blood meals in the interval between experiments, 
and for those which had received only honey and water in the meanwhile. 

Mosquito Titrations in Mice 

Athough, as previously stated, none of the titrations of neurotropic 
virus was satisfactory, the least imsatisfactory experiment may be 
cited as confirmatory evidence of a reduction of titratable \dru5 in 
infected mosquitoes. 

On Dec. 3, 1931, there was prepared a 331/3 per cent suspension of infected 
mouse brains in diluting fluid (10 per cent normal monkey serum). 1 cc. of the 
mixture was injected intraperitoneally into each of twelve mice (Groups R547 and 
R548). Between 2 and 3 hours later Mosquito Lot 675, which had been without 
food or water for 24 hours, was allowed to feed. From the weights of 100 engorged 
mosquitoes the average blood meal was calculated at 2.3 mg. With these insects 
six dilutions were made, the lowest 1 :25, the highest, 1 : 100,000; and each dilution 
was injected intracerebrally into a group of six mice. Deaths occurred in every 
mouse group except the last. From the group inoculated vdth dilution 1 : 10,000, 
a positi%'e subinoculation was obtained. The infecti\dty of the mice upon which 
mosquitoes fed was tested immediately after the blood meal by the injection of 
pooled serum from three of these into twelve other mice, all of which died in a 
UTpical manner on the 4th and 5th da>*s thereafter. 

On Dec. 17, a fortm'ght after the infective blood meal, 106 of the mosquito 
lot were killed for the second c.xperiment. Nine dilutions were made, the lowest 
1:25, the highest 1:1,000,000, and each dilution was injected intracerebrallv into 
a group of sk mice. Deaths occurred among the mice inoculated with dilutions 
1:25, 1:100, and 1:500. Subinoculated mice all died early, indicating bacterial 
contamination. However, even if vims were present up to dilution 1:500, the 
liter had dropped to 5 per cent of that in the first e.rperiment. 
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DISCUSSION 

In 1930 Bauer and Mahaffy (4) and Aragao and da Costa Lima (5) 
reported titrations of yellow fever virus in infected mosquitoes. One 
of the experiments of the latter authors may be cited. Three stego- 
myia mosquitoes which had taken an infective blood meal 1 month 
previously were ground thoroughly in a mortar and were suspended in 



Chart 1. End-points in mosquito titrations. 

■ Titrations first series. 

' Titrations second series. 

Titrations third series. 


10 cc. of distilled water. From this first dilution 1 cc. was added to 
9 cc. of distilled water; succeeding dilutions were similarl}' made to a 
total of six. A monkey became infected following the injection of 1 cc. 
from the sixth dilution. As the authors remark, if the three mosqui- 
toes had occupied a volume of 1 cc., the final dilution would have been 
in the neighborhood of 1:1,000,000. How’cver, the mosquitoes prob- 
ably weighed about 8 mg.; hence the final dilution was appro.ximatel) 
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1:125,000,000. Based on the amount of infectious blood originallj’^ 
ingested, the final dilution was probably between 1:150,000,000 and 
1:300,000,000. This is a remarkable titer, considering that distilled 
water was used as the diluting fluid. Nothing is said in the protocol 
about filtration or centrifugalization to eliminate gross particles from 
the first dilution (original suspension). 

The experiments reported in the present paper probably leave 
some room for criticism. However, they were as nearly comparable 
one unth another as circumstances permitted. Perhaps the greatest 
source of error was in centrifugalization of the 1 per cent suspension. 
In the first experiment of each series aU of the ^drus was contained in 
freshly ingested blood and was affected scarcely at aU by centrifuging. 
In succeeding experiments it is very probable that some intracellular 
virus was not released by grinding but was carried do^sm in the debris 
removed by centrifugalization. This would account in part for the 
drop in titer during the first week or two after an infective blood meal. 
A good part of the drop in titer after the first titration is doubtless 
due also to loss of virus by defecation. 

If the preceding explanation of an increase in titer be not acceptable, 
it is necessary to postulate (a) gross differences in technique between 
experiments (perhaps errors in dilution), or (b) differences in suscepti- 
bility of test animals, or (c) vide variation in the amovmt of \irus 
originally ingested by the mosquitoes, or (d) actual multiplication of 
virus, or (c) a biological change in the virus, rendering it more \irulent. 
Injection of mosquitoes at any interval after a meal on infectious blood 
produces yellow fever. This fact has been amply verified by many 
workers and has been interpreted as ruling out a life cycle of the virus 
in mosquitoes. The possibility remains that part of the \drus imder- 
goes a cyclical change, or that aU undergoes such a change, but at 
different rates or at different periods, so that at s.ny giv’en time there is 
some infective \drus present. These are theoretical considerations 
lacking experimental eridence. 

In spite of the shortcomings in technique, the experiments indicate 
that probably some actual loss of vims occurred soon after the infec- 
tive blood meal. It seems certain that at no time was there present 
in the mosquitoes a greater amount of \nrus than the quantity origi- 
nally ingested. 
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Spencer and Parker (6) showed that fresh blood activated, or in- 
creased the virulence of, Rocky Mountain spotted fever virus in 
fasting ticks; it is possible that in their experiments the virus {Rick- 
el fsia) multiplied also. 

Dyer, Workman, Ceder, Badger, and Rumreich (7) proved to their 
satisfaction that the virus of endemic t 3 ^hus undergoes an enormous 
multiplication in infected fleas (Xenopsylla cheopis). It is probable 
that all Rickettsiae multiply in the arthropod hosts to wliicli they are 
adapted. Microscopical studies support this view. The behavior 
of yellow fever virus in the stegom 3 da mosquito illustrates once more 
the marked differences between a filterable virus sensu reslricio and 
Rickettsiae. 

Huff (8) has amplified the old classification of insect transmission 
of disease (“biological” and “mechanical”) into four categories; cydo- 
propagative, cyclo-developmental, propagative, and meclianical. 
The behavior of yellow fever virus necessitates stiU another group, 
because apparently neither propagation nor cyclical change takes 
place in the mosquito host; however, an incubation period is obliga- 
tory. Evidently migration to the salivary glands occurs during this 
period. Perhaps this tjqie of transmission might be called “delayed 
mechanical.” 

The titer of 1 : 1,000,000,000 obtained in the first experiment both of 
Series II and of Series III, when mosquitoes containing freshly ingested 
blood-virus were used, confirms the work of Bauer (9). The latter 
produced yellow fever in rhesus monkeys with comparable dilutions of 
infectious blood. 

These experiments prove that a stegomyia mosquito may ingest from 
1 to 2 million lethal doses of yellow fever virus. An insect which has 
reached the stage of infectivity may still contain in its body 20,000, 
or more, lethal doses of virus. 

Only tw^o monkeys among survivors of aU e.xperiments became im- 
mune without showing a fever at some time during the period of obser- 
vation. Monkey II 1 q had received an injection of mosquito dilution 
1 : 500,000,000; Monkey III 4 j had received a dilution of 1 : 10,000,000. 
On tlie other hand, many animals died of tjqiical yellow' fever without 
having had a demonstrable febrile reaction (104°F., or higher), it is 
quite possible that transient fevers occurred at night in some of these 
monkeys. 
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SUMMARY 

Titrations were made of yellow fever virus in stegomjda mosquitoes, 
using rhesus monkeys as test animals. It was foimd that : 

(a) The average mosquito immediately after engorging on highly 
infectious blood contained between 1 and 2 million lethal doses of virus. 
The titer of freshly ingested blood was as high as 1 billion lethal doses 
of virus per cubic centimeter. 

(Z?) During the fortnight succeeding a meal on infectious blood there 
occurred a reduction of titratable virus to not more than 1 per cent of 
that present in the freshly fed insects. 

(c) The titer was somewhat higher at later periods. This rise in titer 
signified possibly not a multiplication, but merely an increase of extra- 
cellular virus and of that easily freed by grinding to a titratable form. 

(d) At no later stage did the quantity of titratable virus equal that 
demonstrable in freshly fed insects. 

Comment by Hugo Mtiench 

In experiments such as the foregoing it is probably best to use as end-point the 
dilution at which one-half the animals die or are affected. In this way the entire 
group of animals used at different dilutions may in a sense be regarded as one 
sample, on the assumption that those living at a given dilution would have lived 
at a lower one, and vice versa. This method is a recognized statistical procedure 
and has the ad\^ntage of making the end-point a great deal less variable. The 
results of using the 50 per cent end-point are given below. 


50 Per Cent Mortality 

Series I 


Experiment 1 

1:1,800,000 

Experiment 2 

1: 9,000 

Experiment 3 

1: 1,800 

Experiment 4 

1: 63,000 

Series n 

Experiment 1 

1:170,000,000 

Experiment 2 

1: 500,000 

Experiment 3 

1: 9,500,000 

Experiment 4 

1: 10,000,000 

Experiment 5 

1: 2,500,000 

Experiment 6 

l: 2,500,000 
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Series III 
Experiment 1 
Experiment 2 
Experiment 3 
Experiment 4 


1:700,000,000 
1: 7,000,000 
1: 28,000,000 
1: 28,000,000 


On comparing the figures in this tabulation with those of the text, the following 
main differences will be seen: (1) when the 50 per cent mortality point is used, tlie 
secondary rise is not nearly so pronounced, although it is uniformly present and 
is probably real. (2) The difference between the two sets of mosquitoes in Series 
II (those receiving and those not receiving additional blood meals) almost disap- 
pears. It is doubtful whether there is any such real difference. This would agree 
with the findings of the authors in Series III. 
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VACCINATION WITH HEAT-KILLED AND FOKMALIN- 
IZED TUBERCLE BACILLI IN EXPERIMENTAL 
TUBERCULOSIS 

By ROBERT M. THOIMAS, M,D. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, Afay 27, 1933) 

In recent years a number of antigens and vaccines have been pre- 
pared with the use of formaldehyde. Following the work of Ramon 
(1, 2), who demonstrated that formaldehyde reduces the toxicity of 
certain animal and vegetable toxins while maintaining their antigenic 
properties, \Vherry and Bowen (3) and subsequently VTierry et aL 
(4) showed that certain bacterial vaccines could be “detoxified” by 
this method. Petragnani (5) prepared a vaccine from tubercle bacilli 
by the use of formaldehyde, for which it was claimed that guinea pigs 
were made resistant to subsequent infection vnth tuberculosis and 
also that if the vaccine were allowed to settle into tvro portions — sedi- 
ment and supernatant fluid — , the supernatant fluid could be used for 
diagnostic tests in a manner similar to tuberculin. WTiile no substance 
resembling a true toxin has been isolated from the tubercle bacillus 
or from the medium upon which it has been grown, it was thought 
that under the action of formaldehyde certain of the undesirable reac- 
tions to tubercle bacillus vaccines might be eliminated. The following 
experiments were undertaken to compare the properties of a vaccine 
prepared by the use of formaldehyde vdth the properties of a heat- 
killed vaccine. Comparisons were made of the immunizing power, 
of the skin-sensitizing povrer, and of the rapidity of absorption of the 
two vaccines. A study of the lesions produced by the intravenous 
injection of heat-killed bacilli was made as a result of some obser\^a- 
tions on rabbits vaccinated in this manner. 

Material and Methods 

Rabbits of about 2 kilos in weight were selected for use in the longc’rity experi- 
ment. They v.xrc kept under ob$cr\v.tion for a short period of time before any 
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Series III 
Experiment 1 
Experiment 2 
Experiment 3 
Experiment 4 


1:700,000,000 
1: 7,000,000 
1: 28,000,000 
1: 28,000,000 


On comparing the figures in this tabulation with those of the text, the following 
main differences will be seen: (1) when the 50 per cent mortality point is used, the 
secondary rise is not nearly so pronounced, although it is uniformly present and 
is probably real. (2) The difference between the two sets of mosquitoes in Series 
II (those receiving and those not receiving additional blood meals) almost disap- 
pears. It is doubtful whether there is any such real difference. This would agree 
with the findings of the authors in Series III. 
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VACCINATION WITH HEAT-KILLED AND FOKMALIN- 
IZED TUBERCLE BACILLI IN EXPERIMENTAL 
TUBERCULOSIS 


Bv ROBERT M. THOMAS, M.D. 

{Fmn the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, May 27, 1933) 

In recent years a nmnber of antigens and vaccines have been pre- 
pared with the use of formaldehyde. Following the work of Ramon 
(1, 2), who demonstrated that formaldehyde reduces the toxicity of 
certain animal and vegetable toxins while maintaining their antigenic 
properties, WEerry and Bowen (3) and subsequently VEeny et al. 
(4) showed that certain bacterial vaccines could be "deto.xified” by 
this method. Petragnani (5) prepared a vaccine from tubercle bacilli 
by the use of formaldehyde, for which it was claimed that guinea pigs 
were made resistant to subsequent infection with tuberculosis and 
also that if the vaccine were allowed to settle into two portions — sedi- 
ment and supernatant fluid — , the supernatant fluid could be used for 
diagnostic tests in a manner similar to tuberculin. VEile no substance 
resembling a true toxin has been isolated from the tubercle bacillus 
or from the medium upon which it has been grown, it was thought 
that under the action of formaldehyde certain of the undesirable reac- 
tions to tubercle bacillus vaccines might be eliminated. The following 
experiments were undertaken to compare the properties of a vaedne 
prepared by the use of formaldehyde with the properties of a heat- 
killed vaccine. Comparisons were made of the immunizing power, 
of tlic skin-sensitizing power, and of the rapidity of absorption of the 
two vaccines. A study of the lesions produced by the intravenous 
injection of heat-killed bacilli was made as a result of some observa- 
tions on rabbits vaccinated in this manner. 


Material and Methods 


Rabbi^of about 2 kilos in weight were selected for use in the longeriu- e.xperi- 
raent. They were kept under obser\-atioa for a short period of time before any 
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experimental procedures were started, while records of their blood cells and their 
weights were made. The vaccines were all made from a strain of bovine tubercle 
bacilli known as B-1. The formalin-killed vaccine was prepared by suspending 
the organisms in an aqueous solution of 0.4 per cent formaldehyde and 0,9 per cent 
sodium chloride, and incubating at 37°C. for 10 days. After incubation tlie sus- 
pensions were centrifuged and the organisms washed in distilled water three times 
and resuspended in 0.9 per cent sodium chloride solution. The heat-killed 
vaccine was prepared by suspending the organisms in 0.9 per cent sodium chloride 
solution and heating to 70® for 1 hour. Samples of both vaccines were planted on 
PetrofE’s egg media and also injected intravenously into normal rabbits as a con- 
trol of the sterilit}^ of the preparations. The results in each case were negative 
for living tubercle bacilli. 

The first experiment was designed to compare tlie longevity of tuberculous 
rabbits which had been vaccinated with heat-killed vaccine witli that of tuberculous 
rabbits vaccinated with formalin-killed vaccine. Rabbits which had received no 
vaccine were inoculated with the same dose of tubercle bacilli at the same time. 
The vaccine was given intravenousty in two series of injections. The first series, 
4 months before inoculation, consisted of seven daily injections of 0.3 mg. each. 
The second series of injections, 1 month before inoculation, consisted of ten doses 
of 1.3 mg. each, given at 2 da}^ intervals. Ten rabbits received the formalin- 
kUled vaccine and five rabbits received the heat-killed vaccine, wfiile five am’mals 
were kept as controls. Of the ten animals vaccinated with formalin-Idlled bacilli, 
two died in the 2 month interval between the two series of injections and at au- 
topsy showed severe snuflSes and a non-tuberculous pneumonia. A third animal 
died after the completion of the two series of injections and before inoculation, and 
at autopsy showed snuflSes and a non-tuberculous pneumonia. Two rabbits were 
added before the second series of injections to replace the two that had died, so 
that nine rabbits altogether received intravenous formalin vaccine and were 
inoculated. In the case of the five rabbits which w’ere given heat-killed bacilli, 
one died vnth severe snuflSes and a non-tuberculous pneumonia, w’hile three otliei^ 
died during tlie course of the second series of injections. These at autopsy shoved 
a massive consolidation of both lungs with a tubercular pneumonia, wuthout an> 
e\ddence of secondary" infection, and in the livers and spleens a few epithelioid cc ^ 
were found on microscopic examination. As a result of the loss of seven rabbib 
out of the fifteen vaccinated, the intravenous route of injection was discarded m 
favor of the subcutaneous route, and five normal rabbits were inoculated along 
with the nine animals w’hich had received formalin-killed vaccine intravenous > . 
These were all given a series of subcutaneous injections of formalin vaccine during 
the first 4 months of the disease, starting witli the day of inoculation and rcpcatcc 
at monthly intervals up to the 4th month when injections were given at wee * > 
inter\mls. Eight doses of 0.1 mg. w’cre given in all. 

A second experiment was started later wdth two groups of ten rabbits, one 
vaccinated wdth heat-killed bacilli and the other vrith formalin-killed bacilli su 
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cutaneously at 10 day intervals before inoculation. Five doses of 0,1 mg. vrere 
given in total. One of the rabbits injected vrith formalin-killed vaccine died 
just before inoculation. 

RESTILTS 

The mean longevity of each of the four groups of vaccinated rabbits 
is shovm in Chart 1, The longevity of the unvaccinated, tuberculous 



Chart 1 


controls is expressed as 100 per cent and the longevity of the vacci- 
nated animals compared vdth this figure. It will be seen that the 
rabbits which were vaccinated subcutaneously with heat-killed badlh 
survived much longer than their controls, while in none of the other 
groups was the survival as long as that of their controls. 

Chart 2 shows the distribution of deaths by months after infection 
in the two groups which received vaccine subcutaneously and in the 
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group of control rabbits wliich were inoculated at the same time. It 
will be seen that while the deaths in the group vaccinated with for- 
malin-killed organisms were distributed in a manner similar to tliat of 
the controls, the group which was vaccinated with the heat-kUled 
organisms showed a much greater survival. It is noteworthy tliat in 


■Pep cent 



Months after inoculation 
Chart 2 

each case some rabbits died in the first phase of the disease, that h, 
during the first 3 months: in the case of the controls, 25 per cent, m 
the case of the formalin-killed vaccine group, 44 per cent; and in t ic 
case of the heat-killed group, 20 per cent. The effect of the vaccine 
was tlius more apparent in slow'ing down the clironic phase of t ic 
disease than it was in preventing deaths from occurring in the fir-4, 
acute phase of the disease. 
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Differences in the course of the disease between the treated and 
control groups were sought, but in each case the two groups w^ere 
similar, in so far as direct comparison was possible. In comparing the 
lesions of one group of rabbits with those of another group, control 
animalsof equal or nearly equal survival mustbe chosen for comparison, 
as the extent and the nature of the lesions found in imtreated tuber- 
culous animals during successive months after infection vary greatly. 
Thus, despite the increased longevity of the first group, vaccinated 
subcutaneously with heat-killed bacilli, the lesions found at autopsy 
were similar both in extent and type to those found in control animals 
of the same survival. The changes which occurred in the blood cells, 
the variations in weight, and the autopsy findings were all typical of 
the disease as it is seen in imtreated control rabbits. Hence it would 
appear that acquired resistance to tuberculosis in rabbits manifests 
itself in the ability of the treated animals to retard the rate of progress 
of the disease, rather than in their ability to modify or heal the lesions. 

The rate of absorption of the two vaccines when injected under the 
skin appeared to be similar. Both produced a soft, fluctuant mass 
when introduced in this manner, which required 1 or 2 weeks for ab- 
sorption. Sections of these masses showed them to be typical of tuber- 
cular tissue imdergoiag caseation. 

The skin-sensitizing ability of the two vaccines appeared to be 
equal. Two groups of guinea pigs were injected intraperitoneally 
with three doses of 2.5 mg, of heat-killed and formalin-killed vaccine 
respectively. 36 days later, all of the guinea pigs were found to be 
markedly sensitive to tuberculoprotein (^IA-100), and no significant 
difference between the two groups could be detected. 

The failure of the formalin-killed vaccine to induce any appreciable 
resistance to tuberculous infection in rabbits is e%adent from the 
foregoing experiments. WTicthcr the washing to which the organisms 
were subjected after incubation with the formalin removed any anti- 
genic substance, or whether the formalin specifically destroyed the 
antigenic substance is problematical. Since the main water-soluble 
constituents of the tubercle bacillus, namely tuberculopolysaccharide 
and tuberculoprotcins, arc not known to possess an\* immunizing 
properties (aside from the skin-sensitizing ability of the tuberculo- 
protcin), it was felt that washing would have no deleterious effect. 
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One is forced to return to the conclusion, reached before by many 
workers, that the antigenic properties of a tubercle bacillus vaccine 
are easily destroyed by chemical manipulation and are retained when 
the vaccine is prepared by gentle heating. 

Pathology of Lesions Caused by Heat-Killed Vaccine 

The close resemblance of the lesions found in the three rabbits which 
died during the course of intravenous injections of heat-killed vaccine, 
to those lesions found in rabbits inoculated intravenously with living 
bacilli suggested a further study of the effects of inoculation witli dead 
organisms. 


Ten rabbits were given two series of intravenous injections of heat-killed \'ac- 
cine and used for this study. One animal was sacrificed just before tlie beginning 
of the second series of injections, and subsequent rabbits were sacrificed after the 
second, third, fifth, sixth, and seventh doses of tlie second series of injections. One 
rabbit was allowed to live for 2 montlis after the second series of injections and was 
then sacrificed. The blood cells of two of the rabbits were followed at frequent 
intervals during the second series of injections. 

In the lung of the animal which was sacrificed after two doses of vaccine, the 
alveoli and smaller bronchioles showed a reaction which consisted of polymorpho- 
nuclear leucocytes, monocytes, and epithelioid cells, and some red cells and fibrin. 
In tile lung of the rabbit sacrificed after the third dose, the reaction of pokmor- 
phonuclear leucocytes was less marked and there were more epithelioid celb; 
the lung at this time showed the beginning of a tubercular pneumonia; after the 
fifth, sixtli, and seventh doses the lungs were massivel}^ consolidated with a tuber- 
cular pneumonia, the air sacs being filled vdth epithelioid cells and epithelioid 
giant cells; no polymorphonuclear reaction or fibrinous exudate was seen. There 
was no congestion of tlie capillaries of the lung. The lungs at autopsy were 
creased in consistenc}" and on cut surface showed a tliick creamy e.xudate, 
when examined by the supravital method proved to be made up of cpitliclioi 
cells and monocytes. The rabbit which was sacrificed 2 montlis after the last 
injection showed in tlie lung no pneumonic lesions, but a number of isolated tu- 
bercles, scattered rather uniformly throughout the entire parench^ona of the lun^ 
These tubercles were made up of epithelioid cells which were degenerating, shoiMn*, 
vacuolization and degeneration of their cytoplasm, and in some cases nuclear 
degeneration. One large, confluent tubercle showed slight caseous changes in t 
center witli a few pol^nnorphonuclear leucoc\*tes. Otlier tubercles were hca\i > 
infiltrated with small lymphoc}les and plasma cells. The spleens of these anima^ 
were relatively free from involvement. In one or two cases epithelioid cclb uc*c 
seen in the spleen, in the suprantal technique; in the liver, however, the presence 
of cpitliclioid giant cells in small numbers was the rule. 
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The blood counts of the rabbits were followed carefully throughout the second 
series of injections. During the 1st day there was a leucopenia, the total 
white count going as low as 1,150 cells. On the 2nd day there was a recover}', with 
a leucocytosis, the total white blood count going to 13,200 cells. During the first 2 
days, however, the monocj'tes remained at veiy* low levels, the Ieucoc 5 i;osis of the 
2nd day consisting of a polymorphonuclear increase; the 3rd day showed in all 
cases a rise in monocytes, which was accompanied by the appearance of stimulated 
monocytes and epithelioid cells. These remained high imtil the 5th and 6th da^’s 
after which they receded to practically normal levels. The coincidence of the 
appearance of stimulated monocj'tes and epithelioid cells in the blood stream with 
the production of a massive tubercular pneumonia is very clearly shown to occur 
in the disease produced by intravenous inoculation of living organisms, the two 
phenomenona occurring at about the 30th day after infection (6). 

From the foregoing observations it would appear that the sequence 
of pathologic changes which occur after the injection of living tubercle 
bacilli intravenously into rabbits is simulated very’' closely following 
the injection of dead organisms. The one characteristic feature of 
the lesions produced by the dead organisms is their striking uniformity 
throughout the entire lung. The epithelioid cells are usually in the 
same stage of development or degeneration, depending upon the time 
at which the lesions are examined. In the lungs of rabbits infected 
with living bacilli, tubercles which are practically adjacent to one 
another may show widely differing characters. One may be judged 
as relatively recent, while another may be obviously of long standing, 
possibly calcified. On the other hand, if the tissues of rabbits which 
have been inoculated intravenously with ii\dng tubercle baciUi 2 or 
3 months previously are examined, lesions in the lungs and spleen will 
be found which are regressing. This is seen much more prominently 
in the spleen than in the lung. Within these lesions the presence of 
polyTnorphonuclear leucocy’’tes is not the rule, as in caseation; there 
may be no accessory cells wnthin the lesions, while the periphery of 
the area may show an infiltration of lyunphocyTes, in contrast to an 
area of caseation, where the center may be infiltrated with leucocytes 
and the periphery' ill defined. 

If, as it appears, this process of regression and ultimate absorption 
of tuberculous lesions occurs without theinterv'cntionof caseation, the 
parcnchymia of the involved organ should eventually be found to have 
returned to the normal state. That this occurs in the spleens of tuber- 
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culous rabbits, there is little doubt. In the lungs, where the disease 
regularly progresses in rabbits, there is evidence that both processes, 
caseation and regression, occur simultaneously. Following intra- 
venous injection of living organisms, a widespread tuberculous pneu- 
monia develops, which reaches its height at the end of the 1st month, 
while if animals are sacrified 2 or 3 months after inoculation, the dis- 
ease is confined to discrete tubercles scattered throughout the lung. 
Sections show the parenchyma of the lung away from these tubercles 
to be apparently normal, while the lesions tliemselves show the greatest 
diversity in type, consisting of tubercles which are undergomg casea- 
tion, others which would be considered as recently developed, and areas 
of pneumonic infiltration and confluent tubercles whicli appear to be 
regressing. The extent or total mass of tuberculous lesions in the 
lungs is considerably reduced during the 2nd and 3rd months after 
inoculation, and since cavitation is relatively rare at this period it 
would seem likely that many of the lesions regress in a manner entirely 
similar to that after the injection of dead organisms. It is probable 
that certain parenchymal infiltrations of tuberculosis, in infants, which 
resolve slowly, leaving but a trace of their existence roentgenologically, 
undergo a similar change as result of a like process. 

SUMMARY 

1. Rabbits vaccinated with tubercle bacilli killed by exposure to 
formalin (0.4 per cent) did not show any acquired resistance to sub- 
sequent infection with bovine tubercle bacilli, while rabbits vaccinated 
with tubercle bacilli which had been killed by heating to 70° for 1 
hour survived more than half as long again as their controls. 

2. Intraperitoneal injection of either the formalin-killed vaccine or 
the heat-killed vaccine into guinea pigs made them skin-sensitive to 
tubcrculoprotein MA-100. 

3. The rate of absorption of the formalin-killed vaccine when intro- 
duced beneath the the skin was similar to that of the heat-killed vac- 
cine. 

4. Following the intravenous injection of heat-killed tubercle bacilli, 
it was found that rabbits developed a massive tubercular pneumonia. 

A study of the production and ultimate absorption of the cellular e.xu- 
date showed that these processes were similar to those found after the 
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injection of living bacilli. The lesions which followed the injection of 
heat-killed bacilli differed from the lesions found in active tuberculosis 
in that in any one animal they showed a striking uniformity in appear- 
ance, while in the active disease the lungs showed a great diversity in 
type of lesion. Studies of the blood cells during the period of injection 
of dead organisms showed that the changes which are characteristic 
of the period during which a tuberculous pneumonia develops in 
rabbits (30 to 40 days after inoculation) were faithfully reproduced. 
It is suggested that the process of regression described may be similar 
to that which occurs in childhood tuberculosis, in which rather ex- 
tensive pulmonary lesions resolve without leaving evidence of damage 
to the parenchyma of the lung. 
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In previous commiuiications (1), it was observed that when large 
groups of rabbits are infected with a uniformly fatal dose of pneumo- 
cocci and treated with type-specific antiserum, they do not all respond 
alike. It was found that, under standard conditions, with certain 
amoimts of serum which are ineffective for the majority, some rabbits 
survive; on the other hand, certain larger doses of serum which are 
effective for the majority of rabbits, frequently fail to prevent the fatal 
termination of the infection in others. The factors which determine 
the death of some and the survival of others among a group of animals 
which are infected and treated in exactly the same manner, are not 
clear. Upon a proper understanding of these factors depends the 
true conception not only of the therapeutic mechanism of the action 
of specific antisera but also of the character of natural resistance to 
infection. The purpose of the present communication is to present 
experiments which deal with the effect of non-specific agents in modi- 
fying the response of pneumococcus-infected rabbits to treatment with 
specific antiserum. 

It has been observ’^ed in previous experiments (1, 2), that a thera- 
peutically effective antipneumococcic serum may have a certain so 
called subeffective dose which can }neld roughly reproducible results. 
The subeffective dose employed in the earlier work was 0.3 cc. (con- 
taining 300 mouse protective units) of a Tj'pe I serum, which was 
administered 6 hours after intracutaneous infection ;vith a uniformly 
fatal quantity of pneumococcus culture. Approximately 70 per cent 
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of the rabbits treated with this amount of serum invariably died, 
whereas a larger dose of the same serum was capable of effecting a 
survival of 70 to 100 per cent. The study of the manner in whicli a 
subeffective dose differs from an effective one, and of the factors which 
might convert the former into the latter, therefore appeared capable 
of contributing to present knowledge of the curative action of anti- 
pneinnococcic serum. It was found that one way in which this sub- 
effective dose could be rendered effective, was by the addition of the 
so called non-antibacterial fraction of the serum, and that the extrinsic 
part of the immune mechanism was concerned also with substances 
other than the type-specific antibacterial bodies. It has long been 
maintained, however, that successful treatment of pneumococcus in- 
fection is dependent as much upon certain factors in the host as upon 
the substances which are supplied by the specific serum. In the 
present study an attempt was made to determine whether or not the 
effectiveness of the host factors might be increased by non-specific 
agents. Certain gold compounds, the influence of which to com- 
bat infection was being studied by one of us at the time, were 
chosen empirically for these experiments. Their therapeutic effect 
on the dermal pneumococcus infection in rabbits was studied both 
alone and in combination with the subeffective dose of Type I serum 
described above. 


Method 

Adult rabbits weighing approximately 1800 to 2400 gm. were used in these 
e.xperiments; they were injected intracutaneously with 0.001 cc. of a fully virulent, 
18 hour, standardized, Type I pneumococcus broth culture; the details of the pro- 
cedure were described in the first communication. The various preparations were 
administered intravenously 6 hours after infection, when the bacteremia is already 
established and the local lesion is still very slight or even entirely absent. The 
gold compounds used were gold chloride, gold hexamethylenetetramine dissolved 
in sodium sulfite, and the latter combined with 0.007 per cent by weight of the 
cyclic fatty acids obtained from the saponification products of chaulmoogra oil 
(3) ; but, since only the quantity of gold present in the dose seemed to matter, the 
results will not be presented separately. In each experiment, one group of rabbits 
was treated with the gold compound only, one with the subeflective dose of serum 
only, and one with a combination of the two; there were usually not less than five 
and not more than ten rabbits in each group. The tests were repeated several 
times with rabbits obtained from different sources, and the results were practically 
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the same each time. Daily rectal temperatures, dermal lesion measurements, and 
blood cultures (from the ear veins and arteries) were done for a period of 10 dzys 
as long as the rabbits lived. Necropsy was performed on each dead rabbit and 
cultures were taken from the heart’s blood and from the brain. The results are 
summarized in Table I. 


TABLE I 

Influence of Gold Salts an the Response of Pnenmococcits-Infected Rabbits to Treat- 
ment with a Subejfective Dose of Antisenim 


Therapy 

Number of 
rabbits used 

Number 

survived 

Sur\i%-al 

None 

40 

0 

per ctnl 

0 

Gold salts only, (Au 5 mg.) 

17 

1 

6 

7 rabbits — gold compound (a)* 

10 “ (6)t 

Subeffective dose of serum only, 0.3 cc. 

31 

9 

29 

Serum 624 Type I 

Subeffective dose of serum and gold salts 

52 

40 

; 77 

(Au 5 mg.) 

12 rabbits — gold compound (a) 

20 “ “ “ (6) 

20 “ gold chloride 

Subeffective dose of serum and gold salts 

20 

10 

1 

50 

(Au 2 mg.) 

10 rabbits — gold chloride 

10 “ gold compound (6) 

Subcffcctive dose of serum and gold salts 

10 

5 

50 

(Au 1 mg.) 

5 rabbits — gold chloride 

5 “ gold compound (6) 



1 


* Gold compound (a) : gold hexamethylenetetramine dissolved in sodium sul- 
fite and combined with 0.007 per cent by weight of the c>'clic fatty acids obtained 
from the saponification products of chaulmoogra oil. 

t Gold compound (6) ; gold hexamethylenetetramine dissolved in sodium sul- 
fite. 


RESULTS 

U ntrcatcd Rabbits . — On various occasions, simultaneously with 
these tests, 40 rabbits were injected intracutaneously with the same 
amount of pneumococcus culture, but received no treatment what- 
ever. There was not a single survival among them, death occurring 
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with a progressively increasing bacteremia and local lesion, usually 
on the 3rd to 5th day after infection. 

Rabbits Treated with Gold Compounds Only. — The various compounds 
(5 mg. of gold in one dose) were administered intravenously 6 hours 
after infection. Of the 17 rabbits thus treated, 16 died. No differ- 
ence was observed in the course of either the systemic or local infection 
in this group as compared with the untreated rabbits. The one sur- 
viving rabbit recovered by crisis on the 7th day, after 6 days of a 
continued fever of 106°F. or more (107.4°F. on one occasion), vdth a 
spontaneous sterilization of a rather severe bacteremia on the 5th 
day. Except in the case of this one rabbit, the gold compounds alone 
appeared to exert no appreciable effect on the course and outcome of 
this experimental pneumococcus infection. 

Effect of Subeffective Dose of Serum. — The effect of the subeffective 
dose of serum (0.3 cc. Type I serum, containing 300 mouse protective 
units) has already been described in the previous communications. 
This amount of serum, given 6 hours after infection, has practically 
no effect on the development of the dermal lesion in the majority of 
rabbits. There is at first a sterilization of the blood stream in all; in 
slightly more than half, the bacteremia recurs to a greater or lesser 
extent. Of the 31 rabbits treated with this dose of serum only nine 
or approximately 29 per cent survived. Only about half of those that 
died had either a persistent or terminal bacteremia. In the remainder, 
careful cultures of the heart’s blood and of the brain, frequently ob- 
tained immediately after death, were entirely negative. In aU of 
these rabbits the temperature usually remained elevated until the 
end, and death appeared to be due to absorption of toxins from the 
dermal lesions, which were very marked. Thus by imparting a par- 
tial immunity only, the pneumococcus infection in these rabbits 
becomes localized in the skin; and the subsequent course is one which 
closely simulates certain cases of pneumococcus pneumonia in man, 
in which tliere is no bacteremia, death apparently being the result of 
absorption of toxins from the local lesion. 

Effect of Subeffective Dose of Scrinn Administered in Conjunction with 
Gold Compounds. — In these tests the serum and gold compounds 
were administered intravenously from separate syringes, 6 hours after 
infection; no other treatment was given. 52 rabbits received 5 mg. 
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of gold each, 20 rabbits 2 mg. of gold each, and 10 rabbits 1 mg. of 
gold each. No significant difference was observ^ed among the groups 
treated with the various gold compounds; the results seemed to depend 
chiefly on the amount of gold in each dose. The most striking effect 
of this combined therapy proved to be the complete reversal of the 
death-survival ratio ; whereas the 5 mg. of gold alone had 
almost no effect, and treatment with the subeffective dose alone 
yielded approximately 71 per cent deaths and 29 per cent sur^dvals, 
there were instead only 23 per cent deaths and 77 per cent survivals, 
when the two were administered together. These results were readily 
reproducible with different groups of rabbits tested on different occa- 
sions. It is to be noted that the smaller doses of gold were not quite 
as effective. There were a small number of rabbits in which the 
disease was aborted. In the majority of rabbits, however, the dermal 
lesion seemed to be even more marked than in the controls, there 
was perhaps less tendency for recurrence of bacteremia, and the tem- 
perature was rather irregular; yet, whether in spite of, or because of 
the more severe local response, the greater number survived. Though 
the addition of gold failed to terminate the disease rapidly, by crisis, 
it nevertheless seems to have influenced the resistance of a great many 
rabbits to such an extent that they were able to withstand an infec- 
tion which otherwise would have proved fatal for them, 

DISCUSSION 

It is generally maintained, though not fully appreciated, that a con- 
sideration of the therapeutic mechanism of the so called antibacterial 
sera must concern itself not only with what one may call the extrinsic 
factors supplied by the serum, but also with certain at present ill 
defined intrinsic host factors. That these intrinsic host factors may 
exhibit appreciable variation becomes apparent in the case of the 
experimental dermal pneumococcus infection in rabbits, when under 
standard conditions of infection and therapy, some die and others 
survive. In pre\-ious communications the role of some of the senun 
factors was anal^’-zed and studied. The purpose of the present investi- 
gation w^as to determine w’hether or not non-specific agents w^ere 
capable of exerting any influence on the response of the animal to 
serum therapy. The non-specific agent, empirically chosen, consisted 
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of gold administered in the form of various compounds. It has been 
demonstrated in these experiments that whereas gold by itself had 
very little effect either on the course or the outcome of the experi- 
mental dermal pneumococcus infection in rabbits, it is nevertheless 
capable of exerting a definite and marked beneficial effect in animals 
treated with a subeffective dose of the specific antiserum. Of the 
rabbits treated with the subeffective dose of serum alone, 71 per cent 
died and only 29 per cent survived; the additional administration of 
gold reversed this death-survival ratio with the result that of a large 
group of rabbits which received the combined therapy, 77 per cent 
survived and only 23 per cent died. 

The mechanism responsible for the difference described, is obscure, 
and an analysis of the modified course of infection aids but little in its 
elucidation. It is interesting to note, however, that in the majority 
of instances the disease was not precipitously aborted or terminated; 
but, while the local lesion was more severe than among the controls, 
there was less tendency for reinfection of the blood stream, and the 
larger number of rabbits survived with ultimate resolution of the der- 
mal lesion. It might be suggested that the effect of the combined 
therapy was to localize the infection more thoroughly, wliich would 
account for the severer dermal lesions and the lower incidence of bac- 
teremia; but although there may be some truth in such an assumption 
it fails to e.xplain why these rabbits survived. It has been previously 
shown that among the rabbits treated with the subeffective dose of 
serum alone, there are a large number which die apparently as a result 
of an absorption of toxins from the local lesion; therefore, in addition 
to the increased localization of the infection one would have to assume 
the operation of still another mechanism which either inhibits absorp- 
tion or aids the host in the detoxication of the absorbed products. 

It is not unlikely that various other substances may be capable of 
exerting the influence exhibited by gold in these experiments. In view 
of the fact that gold is a well known “capillary poison” it is interesting 
to compare the effective amount used in this work wth the lethal dose. 
Heubner (4) demonstrated that 7 mg. of gold per kilo is toxic for 
rabbits. The 5 mg. dose given to rabbits weighing 1800 to 2400 gm. 
is about one-third the lethal dose. Heubner further showed that the 
to.xic amount of gold for Carnivora is three times greater than that 
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which is toric for rabbits, and that a lethal quantity of gold has no 
toxic action when given in di\nded doses over a period of a few hours. 

In 1915, Moore (5) demonstrated that ''a single small dose of ethyl- 
hydrocuprein (optochin base), which by itself has practically no pro- 
tective effect against experimental pneumococcal infection in mice, is 
capable of increasing the threshold value of the type homologous 
antipnemnococcus senim at least fifty times.” Moore’s experiments 
were protective in nature, the organisms having been mixed with the 
serum before injection, and the ethylhydrocupreine having been ad- 
ministered at the time of infection; the experiments reported in the 
present communication are curative not protective in character, the 
various agents having been injected after the infection had already 
become established. It is plain that, in protective as well as curative 
experiments, non-specific agents may greatly modify the response of 
pneumococcus-infected animals to treatment with type-specific anti- 
serum, Further work in this direction may perhaps yield results 
which could be applied in the treatment of pneumococcus infection in 
man. 


SUMMARY 

The purpose of the present investigation was to determine whether 
or not non-specific agents were capable of exerting any influence on 
the response of pneumococcus-infected animals to specific serum ther- 
apy. It has been demonstrated in these experiments that whereas 
gold (empirically chosen) by itself had very little effect either on the 
course or the outcome of the experimental pneumococcus infection, 
it is nevertheless capable of exerting a definite and marked beneficial 
effect in rabbits treated with a subeffective dose of the specific anti- 
serum. Of the rabbits treated vdth the subeffective dose of serum 
alone, 71 per cent died and only 29 per cent survived; the additional 
administration of gold reversed this death-survival ratio with the 
result that of a large group of rabbits which received the combined 
therapy, 77 per cent sur\ived and only 23 per cent died. 
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CHANGES IN THE TITER OF ANTIPNEUIMOCOCCAL HU- 
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(From the Douglas Sviith Foundation for Medical Research and the Department of 
Medicine of The University of Chicago, Chicago) 

(Received for publication, June 9, 1933) 

Adult human beings, as a group, possess a relatively high degree of 
humoral imm unity against the pneumococcus. This property of 
blood is a specific one, since it has been shown that individuals may 
vary greatly in their pneumococcidal activity against the different 
types (1-^). Little is known, however, concerning the constancy of 
this reaction of the blood of individuals of any particular age group. 
Ward' (2), who has made a few observations on this point, states that 
he noted no change in the titer of humoral immune substances in nine 
normal persons on whom pneumococcidal tests were repeated. No 
details were given in these instances as to the actual time interv^al 
elapsing between tests. That changes in the titer of the immune 
substances do occur under normal cirounstances is suggested by the 
studies of Sutliff and Finland (4), who found that the incidence of 
pneumococcidal power in human beings varies with age. In rabbits 
Woo (5) has sho\\Ti that the titer of antipneumococcal substances 
increases with the age of the animal. 

The present investigation was undertaken to study the relative 
constancy of the degree of humoral immunity found in the individuals 
of the adult age group. 


Materials and Methods 

Pneumococcidal Tests . — These were carried out according to the technique dc* 
scribed by Robertson and his co workers (6, 7), cmplo^dng quantitated mbcturcs 
of scrum, washed leucoc\*tcs, and pneumococci in scaled tubes, which were agitated 

^ Ward (2) retested one individual, from whom 40 to SO cc. of blood had been 
withdrawn at frequent intcr\*als over a period of 2 to 3 months, and found a diminu- 
tion in amount of humoral immunity against Tx-pes I, IT and III pneumococci. 
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during incubation. Human leucocytes were obtained from Group I (Jansky) 
donors. 

The organisms used in the tests were laboratory strains of T 3 'pe I and Type II 
pneumococci which had been kept at ma.ximum mouse virulence by frequent 
animal passage since originally isolated. Preceding each group of tests animal 
passage was repeated. 0.1 cc. of a 10“^ dilution of a broth culture of each organ- 
ism killed mice in repeated tests in from 24 to 36 hours. 

Five dilutions of a standard suspension of these organisms (10"^ to 10“^ dilu- 
tions of a suspension containing approximately one billion pairs of pneumococci) 
were added to the tubes containing the mixture of leucocytes and test serum. The 
actual number of organisms in each dilution was estimated from the colonj’- count 
of plates seeded with 0.1 cc. of the 10~^ dilution (theoretically to contain 100 or- 
ganisms). Actually, the number of organisms found varied between 21 and 200 
per 0.1 cc. of the suspension. This divergence of colony counts is taken into 
consideration in the following manner. 

The counts in the 10“^ dilution of the Type I series varied between 75 and 200, 
and in the T 3 ^pe II series between 13 and 220. It so happened that all of the T3^pe 
II series with colony counts below 68 showed pneumococcidal activit}’’ in the tube 
containing the 10“"^ dilution. For this reason all cases in both T 3 ^pe I and T}^e II 
series could conveniently be grouped witliin the range of colony counts of 68 to 
220, which would thus include the range of colony counts in the Type I series. 
The difference between the lowest and highest colon}’- counts in tlie 10”^ dilutions 
in which growth occurred in the two series is thus equivalent to a 3.2 dilution. 

It has been found tliat the pneumococcidal tests as carried out in this study are 
accurate only witliin one lO-fold dilution. Consequently, a difference in pneumo- 
coccidal power in repeated tests equivalent to a single 10-fold dilution is disregarded 
as within the limits of error of the method. To facilitate comparison of the tests 
with divergent colony counts a 3-fold dilution is also disregarded. Consequently, 
to exceed what we have thus established as experimental variation, there must 
occur a difference in pneumococcidal power, expressed in terms of the number of 
organisms killed, equivalent to a 300-fold dilution. 

Cases Selected for Study- 

Thirty-four individuals, 22 to 40 years of age, in good health, who 
were employed in various capacities in the Albert Merritt Billings 
Hospital, were first tested in 1931 in the latter half of the month of 
September and throughout the month of October. During this time 
nine members of the group of thirty-four developed a common cold, 
and serum specimens obtained at the time of maximum symptoms 

“ Four of tlicse cases gave a histor>' of pneumonia 5 or more years previous to the 
time of tliis study. None of them had had pneumonia within the last 5 years. 
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TABLE I 


Pncumococcidal Promoting Activity of the Serum of Normal Individuals 


Individuals 

Type I pneumococcus 

Change in 

Type II pneumococcus 

Change in 

No. killed 

titer of serum 
immune 

No. killed 

titer of serum 
immune 


FaU, 1931 ! 

Spring, 1932 


Fall, 1931 

Spring, 1932 


1. Po 

0 

0 

0 

220,000 

28,000 

0 

2. Ed 

0 

0 

0 

144,000 

44,000 

0 

3. \Va 

0 

0 

0 

14,400 

52,000 

0 

4. Ma 

0 

0 

0 

70,000 

5,200 

0 

5. Sm 

0 

0 

0 

7,000 

28,000 

0 

6. Ca 

0 

0 

0 

74,000 

52,000 

0 

7. Sa 

0 i 

0 

0 

680 

186 

0 

8. Ha 

0 

0 

0 

680,000 

130,000 

0 

9. Or 

0 ' 

0 

0 

0 

0 

0 

10. Re 

0 

0 

0 

220 

1,860 

0 

11. Ke 

200 

0 

0 

23,000 

28,000 

0 

12. Ch 

91 

0 

0 

74,000 

13,000 

0 

13. Ro 

126 , 

0 

0 

68,000 

130,000 

0 

14. Hi 

1,530 

0 

Dim. 

140,000 

540 ; 

Dim. 

15. Fr 

1,530 

680 

0 

1,400 

520 ! 

0 

16. Gi 

1,530 

680 

0 

140,000 

52,000 

0 

17. Ri 

19,800 

0 

Dim. 

1,440,000 

130,000 

0 

18. Da 

19,800 

8,100 

0 

1,440,000 ; 

44,000 

0 

19. He 

19,800 

8,100 

0 

144,000 

28,000 

0 

20. Pa 

126,000 

0 

Dim. 

68,000 

44,000 

0 

21. Se 

126,000 

0 

Dim. 

68,000 

44,000 

0 

22. Sa 

15,300 

14,500 

0 

140,000 

186,000 

0 

23. Ha 

15,300 

80,000 

0 

140,000 

280,000 

I 0 

24. Ha 

20,000 

76,000 

0 

7,000 

130,000 

I 0 

25. Br 

91 ,000 

81 ,000 

0 

74,000 

44,000 

0 

26. St 

1,980,000 

6,800 

Dim. 

1,440,000 

520,000 

0 

27. Ro 

78,000 

8,000 

0 

7,400 

2,800 

0 

28. Ki 

2,000,000 

8,000 

1 Dim. 

! 70 

0 

0 

29. J. H. 

1,980,000 

760,000 

i 0 

1 1,440,000 

130,000 

0 

30. Re 

15,300 

80,000 

0 

14,000 

54,000 

0 

31. Fr 

' 91,000 

81,000 

0 

74,000 

44,000 

0 

32. Ma 

1,260,000 

800,000 

0 

680,000 

28,000 

0 

33. V. S. 

15,300 

0 

Dim. 

1,400 

0 

Dim. 

34, M. H. 

780,000 

680,000 

0 

7,400 

5,200 

0 


In the tables, dim. indicates diminished; incr., increased. 


II pneumococcus. The majority of cases showed no particular change 
in their titer of immune substances in the period between the two 
















J respective dilutions b ^ that dilution 

•■srrsi*- 

<>;«a„;s„3 tilled ■’'««ed refer CS™ *’“« ^ tte 

^We b retaon «'« of p„e„„„, 

™ otter (jpe. ^ “»c,ated ^tb e 

tt tte senes of ^-.e • 

“ C'r « '^'■“0 soffeae, f 
‘r 0 decreed ° J>”euiSeo^. “ fear ees^!-i 

their rearffr. ’ ^ of thpc • showed an • ^ ^tered 

•dtereaon b'^a, “^ee ober 2sf 7”'*' 

“if "od covered tb" “crT^' “'"« -"'tt “s£l “‘ 

T^ere was thus n ^^^ts. ^''ce of colds thrn ? 

to interpret th. ^dorm resrw “roughout 

O" Ob 1 ?*“ '=■ ood s;,re,7' °“or ce„:e “’'' '''-"" 

, ‘°“-oa‘‘'““^-ose,rI:,:,;-. fer 



250 


ANTIPNEUMOCOCCAL HUMORAL IMMUNITY 


TABLE II 


Pncxtmococcidal Promoling Activity of the Serum of Subjects Having Colds 


Individuals 

Type I pneumococcus 

Change in 
titer of 
scrum 
immune 
substances 

Tj'pe II pneumococcus 

Change in 
titer of 
serum 
immune 
substances 

No. killed 

No. killed 

Normal 

Cold 

Normal 

Normal 

Cold 

Normal 

Fall, 1931 

Fall, 1931 

Spring, 

1932 

Fall, 1931 

Fall, 1931 

Spring, 

1932 

1. Fe 

1,980 

0 

76 

Dim. 

1,440 


BB 

0 

2. Gr 


2,000,000 

81,000 

0 




0 

3. Sc 

W/mSm 

0 

0 

0 




0 

4. St 

168 

0 

0 

0 

■QUI 



Inc. 

5. Co 

0 

0* 

0 

0 



280 

; Dim. 

6. Mi 

0 

0 

0 

0 



186 

Dim. 

7. Co 


1,740,000 

1680,000 

0 




0 

8. Ei 


1,740 

: 1 ,300 

0 

740 

bh 


Inc. 


* In this case the test during the cold preceded the first test when patient ^Yas 
normal. 


TABLE in 


Pncumococcidal Profuoting Activity of the Serum of Patients with Influenza-Like 

Infection 


Individuals 

Type I pneumococcus 

Change in 
titer of 
serum 
immune 
substances 

T 3 ^pc II pneumococcus 

Change in 
titer of 
scrum 
immune 
substances 

No. killed 

No. killed 

Influenza-like 

infection* 

Normal* 

Influcnza-likc- 

infcction* 

Normal* 

1. Ha 

0 

0 

0 

0 

5,400 

Inc. 

2. Sc 

0 

0 

0 

0 

0 

0 

3. Cl 

0 

0 ; 

0 


5,200 

0 

4. Be 

0 

0 

0 


1,860 

0 

5. Bu 

0 

80 

0 

4,900 

54,000 

0 

6. Sh 

0 

0 

0 

63,000 

54,000 

0 

7. Jo 

97,000 

so 

Dim. 

0 

0 

0 

S. IVIo 

97,000 

130,000 

0 

4,900 

52,000 

0 

9. As 

0 

0 

0 

4,900 

18,600 

0 

10. Rc 

600 

0 

Dim. 

6,300 

52,000 

0 

11. Ba 

600,000 

1,450,000 

0 

6,300 

18,600 

0 

12. FI 

60,000 

14,500 

0 

630,000 

18,600 

0 


6 to S weeks elapsed between the two series of tests. 
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Effect of Injltienza-Like Infectmi 

Nine of the twelve cases tested showed no change in the pneumo- 
coccidal promoting power of their serum (Table HI). In two cases 
(Nos. 7 and 10) there was a decrease in this serum property forPneu- 
mococcus Tjrpe I, and in one (Case 1) an increase for Tj^pe II. These 
tests were done about 2 months apart in the spring of 1932. Here 
again we note no uniform change in titer as a result of this influenza- 
like upper respiratory infection. 

mscnssiON 

There are certain limitations to the use of pneumococcidal tests for 
this tjrpe of study, although the method is ideally adapted for measur- 
ing the relative pneumococcidal activity of different blood samples 
when tested simultaneously. In such experiments the senim-leu- 
cocy’te mixtures, the state of the microorganism, and the dilutions 
of the standard pneumococcus suspension are identical for each speci- 
men. In the present experiments the tests in the several senun sam- 
ples of each individual were done at different times which m^y have 
introduced variations in the constituents of the test. The most likely 
variable would seem to be the possible occurrence of changes in the 
\arulence of the pneumococcus used. WTdle pathogenicity for animals 
was maintained by frequent passage, we cannot be certain that maxi- 
mum virulence for human beings is preserved by this means. Thus 
the possibility cannot be dismissed that some, if not all, of the changes 
noted in the pneumococcidal activity of adult serum were due to 
biological variations in the pneumococci used in the tests. However, 
if this were the only explanation of the observ-ed differences we should 
have expected a uniform reaction of all indiriduals to this one factor. 
Actually, the majority of indiriduals showed no change in the degree 
of the pneumococcidal promoting actirity of their serum. On several 
of the persons in this series we have data from pneumococcidal tests 
done 1 to 2 years preriously vrth precisely the same technique and 
the same strains of T}q)e I and Tjpe II pneumococci. One indiridual 
(No. 23. Ha, Table I), tested in 1929, had no Ts-pe I pneumococcidal 
substances in her blood, although in 1931 she had a high degree of 
immunity against this organism. This particular person had been 
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working in the laboratory with Type I pneumococci during these 
intervening years. In the same period no change in pneumococcidal 
activity toward Pneumococcus Type II had occurred. Three other 
individuals tested in 1930 with the same strains have shown no 
change in their degree of immunity toward these organisms. The 
data presented in this paper is insufiScient to permit any detailed 
analysis of the possible factors concerned in the changes which we 
have noted. One might suspect from the studies here reported that 
seasonal variation was a factor. The tests done in the fall of 1931 
were made on individuals in good health who had had the usual ad- 
vantages of summer outdoor activities. These same subjects in the 
subsequent months were closely confined indoors during the daylight 
hours by their duties about the hospital. However, an adequate 
evaluation of this or any other factor would involve a protracted study 
over a period of years of a large group of people. 

SUMMARY 

Fifty-five individuals were tested to determine the pneumococcidal 
promoting activity of their serum against Types I and II pneumococci. 
By repeated tests an attempt was made to study the constancy of the 
degree of their immunity over intervals of 2 to 6 months. In this 
group were included nine persons with common colds and twelve cases 
of a severe influenza-like infection. Fifteen of the fifty-five cases 
showed a change in titer of their humoral immunity against either 
lype I or Type II or both. Three of these showed an increase, and 
twelve a decrease. This reaction in most instances was a specific one 
in that the altered reaction toward one type was not associated with a 
similar cliange toward the other type pneumococcus. Colds and 
influenza-like infections apparently e.\erted no effect upon the titer 
of humoral immune substances. 
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With the Assistance of Charles Breedis 
{Front the Department of Pathology^ Cornell University Medical College , NeiD Y ork) 

Plates 14 and 15 
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The filterable agent that will be described here produces in chickens 
leukosis of types that hitherto have not been successfully transmitted, 
namely lymphomatosis and myelomatosis, sometimes with leukemia 
and sometimes with tumor formation. In many chickens inoculated 
with this strain leukosis was associated with the formation of tumors 
that histologically resembled endothelioma. Infiltration of nerves 
often occurred among chickens inoculated with this strain, and in a few 
birds paresis or paralysis of legs or wings was noted. Thus this trans- 
missible strain possesses characteristics ascribed to three different types 
of filterable agents; namely, (a) the agent of EUermann and Bang (1) 
that causes leukosis of chickens; (6) the agents of Rous that stimulate 
connective tissues of chickens to neoplastic growth and may cause 
endothelioma (Begg (2)); and (c) the agent of Pappenheimer, Dunn, 
and Cone (3) that produces fowl paralysis. 

In this article e\ndence wall be presented to show that lymphoma- 
tosis, myelomatosis, endothelioma, and fowl paral 3 "sis occurring among 
the passages of this strain are caused b}' filterable agents. In the 
paper that follows, the relationship of these diseases and the anatomical 
lesions associated with them will be discussed. The available cwdcnce 
is in favor of the assumption that a single agent can produce l3Tnpho- 
matosis, with or without paral 3 "sis, m 3 'elomatosis, and endothelioma, 

* This investigation has been supported by a Fund for the Study of Lcuhemia. 
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Nomenclakire 

Leukosis will be used as a collective term to designate diseases characterized by 
autonomous growth of the cells of the blood-forming organs of chickens. Leukosis 
is subdivided into lymphoid, myeloid, and erythroleukosis, according to the three 
types of blood-forming systems which may become affected. The adjectives 
leukemic, subleukemic, and aleukemic are used to indicate the degree of blood 
involvement. 

In erythroleukosis the primitive erythroblasts multiply rapidly in the bone 
marrow (4), and, without maturing, enter the circulation in large numbers and 
accumulate in the pulp of the spleen and the capillaries of organs such as lungs and 
liver. 

Myeloid leukosis occurs in two distinct forms: myeloblastomatosis and myelo- 
cytomatosis. Myeloblastomatosis is characterized by the appearance of enormous 
munbers of large mononuclear cells, presumably myeloblasts (EUermann), in the 
blood. This type of leukosis is not associated with tumors and is caused by the 
same agent that causes erythroleukosis (5). In myelocytomatosis, myelocytes 
are numerous in the blood, whereas myeloblasts are few or absent. This form is 
usually associated with tumor formation. The differentiation between myelo- 
blastomatosis and myelocytomatosis becomes unavoidable in the study of trans- 
missible leukosis because the agent of the common tj^pe of transmissible leukosis 
(5, 6) produces erythroleukosis and myeloblastomatosis almost exclusively, 
while the strain to be described here produces lymphomatosis and myelocyto- 
matosis. Mathews (7) has noted the difference between myeloid leukemia of 
EUermann and myelocytomatosis, and described the latter disease under the name 
of “leukochloroma.” 

Lymphomatosis (lymphoid leukosis) of chickens is identical with the similar 
disease of mammals. It has been described recently by Mathews and Walkey (8). 

Endothelioma presents great variation in location and in the histological charac- 
teristics of its lesions. It may occur as a solid tumor composed of large round 
cells, of which several are binucleated, or as an angiomatous growth with extensive 
hemorrhages, or, most commonly, as a tumor consisting of pleomorphic cells with 
numerous large necrotic areas surrounded by multinucleated giant ceUs. The 
nuclei of all these cells are similar: they are large and spherical, contain little 
chromatin (indicated bj" their pale color in hematoxylin-eosin-stained prepara- 
tions), and have a large nucleolus. 

Transmissible Strains . — ^The common type of transmissible strain described in 
previous reports (5) wiU be referred to as Strain 1, the strain described here as 
Strain 2. 


LITERATURE 

1. Chicken Leukosis.— EUenaann and Bang have stated that all tj-pes of avian 
leukosis are caused by one filterable virus, but the evidence presented by them is 
only sufficient to show that two t>T>es of leukosis, namely er>-thro- and myeloid 
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leukocytes formed the majority of the cells are called “leukemic.” Those in which 
the leukocyte count was below 100,000 and sufficient immature leukocytes were 
present in the blood to make the type of leukosis recognizable are called “sub- 
leukemic,” and the rest are called “aleukemic.” 

Instances in which the disturbance of one S 5 '^stem was distinctly predominant are 
classified as myelomatosis, Ijmiphomatosis, or erythroleukosis, those in which the 
involvement of two or more S 3 fstems was conspicuous are given as “atj^iical” 
leukosis. 

The incubation period of leukosis is variable; most of the chickens developed 
leukosis from 2 weeks to 2 months after inoculations, but in rare instances the 
incubation period was as long as 4 months. Thus our destruction of the animals 
after approximately 5 months is not an ideal procedure, but so far we have been 
able on account of limited space to keep only a few of the inoculated animals alive 
for longer periods. 

Whereas in some instances it was extremeljr difficult to determine from post- 
mortem appearances the success of inoculations and the type of leukosis, diagnosis 
could easily be made from blood smears. Basophile lymphocytes (Fig. 4), often 
containing minute vacuoles (Fig. 5), were present in the blood smears of most of 
the chickens successfully inoculated with this strain, even in cases in which the 
hyperplasia of the mj’eloid and erytliroblastic tissues was predominant. Since 
such cells were absent in the blood smears of all control chickens, including those 
injected \vith Strain 1, tlieir presence in the blood was characteristic of Strain 2 and 
distinguished the erythroleukosis and myeloid leukosis of Strain 2 from those of 
Strain 1. 


Origin of the Transmissible Strain Z 

This strain originated in a Barred Rock chicken (No. 2255) of 
about 8 months of age. The chicken was received November 19, 
1931, weighing 670 gm., and was kept as an uninjected control among 
chickens inoculated with the transmissible Strain 1. This was done to 
find out whether leukosis is transmitted by natural means from dis- 
eased to healthy animals. There was no evidence that healthy 
animals acquire leukosis by contact with leukemic chickens and the 
type of lymphomatosis which developed in this chicken was different 
from that caused by any knomi transmissible strain. Therefore it 
must be regarded as a spontaneous disease. 

Blood smears of this chicken taken from Nov. 20, 1931, to Feb. 27, 1932, were 
normal. The blood smear taken on Mar. 28 showed a few immature red cells. 
By Apr. 13, the abdomen of this chicken was distended by fluid, and the blood 
smear showed manj' polychrome err'throcj’tcs and a few polvxhrome crytliro- 
blasts. On Apr. 23, immature l\-mphoc>-tes were in the circulation in large num- 
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bers, the white cell count was 17,500, and 7 daj’s later it was 130,000, most of the 
cells being large l>’inphocytes (Figs. 3, 4), many in mitosis. Post mortem the 
carcass weighed 1050 gm., the liver 100 gm., the spleen 7 gm. The liver was 
thickly studded with partly confluent tumor nodes (Figs. 2, 6) and similar tumor 
nodes were foimd in the spleen, heart, and kidneys (Figs. 1, 9). The size of these 
tumors varied from those just visible to those measuring 1 cm. across. They were 
composed of large round cells like l>Tnphoc>les, and other larger, paler stained 
cells which appeared to form a s>Ticytial mass (Fig. 8). The bone marrow was 
reddish grey and contained minute, well defined, gre>Tsh, tumor-like areas. 

Transmission Experiments 

The results of the inoculations with blood and emulsion of tumor 
cells of this chicken are shown in Table I, and some of the salient data 
on the successfully inoculated chickens are shown in Table IT. 

Thus all birds successfully inoculated developed lymphomatosis, 
two aleukemic, three subleukemic, and one leukemic. One chicken 
(No. 2572) died 53 days after inoculation with severe anemia asso- 
ciated with osteosclerosis (osteodystrophia). 

Text-fig. 1 shows the sequence of passages attempted subsequently 
from 66 chickens and more details of the first 37 passages are given in 
Table IH. 

Of the attempts to transfer leukosis from 53 chickens only eight were 
imsuccessful (Text-fig. 1). 

Table in shows that about one-third of all inoculated chickens 
developed leukosis. More than one-half (72) of the successfully 
inoculated chickens developed lymphomatosis, and in a smaller 
number of chickens (38) several blood-forming systems (including the 
l 3 nnphatic system) w^ere markedly affected. In 19 birds ra3’'elomatosis 
was predominant, and other blood-forming systems were affected 
slightly, if at all. In eight birds the alterations histologically re- 
sembled er^dhroleukosis. Endothelioma vdih giant cell formation 
was found in 11 birds. Instances of all these diseases wrill be described 
in the paper that follows. ^M^^elomatosis appeared in the second pas- 
sage, endothelioma with giant cell formation in the third passage, and 
both reappeared in all subsequent passages. 

In the following section the results of the transmission e.xperiments 
will be analyzed, and attempted transmissions with material contain- 
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TABLE I 

The Results of Injections with Blood and Tumor Cells of Chicken 2255 {Spontaneous 

Leukemic Lymphomatosis) 



No. of birds 
injected 

No. of 
successful 
transmis- 
sions 

No. died of 
inter- 
current 
disease 

Intravenous injections with blood 




Chicks weighing from 150 to 350 gm 

20 

1 

8 

Chickens weighing from 600 to 1000 gm 

9 

4 

1 

Intramuscular and subcutaneous injections 




Chicks weighing from 230 to 290 gm 

6 

1 

5 

Chickens weighing from 650 to 690 gm 

3 

0 

0 


TABLE II 


Data on Chickens Successfully Inoculated with Material from Chickai 2255 {Spon- 
taneous Leukemic Lymphomatosis) 


Chicken 

No. 

\Ycight 
of bird 

INIatcrial 

injected 

Route of 
injection 

Amount 

injected 

Incuba- 

tion 

period 

Duration 

of 

illness 

Length of 
^ life after i 
inoculation | 

T>*pe of 
leukosis 


Sm, 



cc. 

days 

days 

days 


2573 

1000 

Blood 

iv. 

2 

16 

9 

K* 25 

sL 

2643 

650 

iC 

cc 

4 

21 

23 

K 44 

IL 

2644 

625 

C( 

t( 

14 

— 

— 

D* 143 

sL 

2645 

595 

tt 

tt 

1 

64 

20 

D 84 

sL 

2618 

250 

tt 

tt 

5 

7 

1 

1 K 8 

aL 

2619 

290 i 

Tumor 

im. 

— 

— 

— 

j D 80 

qL 


* D = died, K — killed. 


Abhrreiations Used in Text-Fig, 1 and in All Tables 

Types of Disease, — L = Ijonphoid leukosis; Mb = myeloblastomatosis; Me = 
myelocytomatosis; Er = er^^throleukosis; En = endothelioma; Eng = endothe- 
lioma with giant cell formation; Sa — sarcoma formed by cells other tlian round 
cells; a (used only in Text-fig. 1) = at^’pical (mixed) leukosis; on = anemia; 
p = paral}"sis (neurol^mphomatosis) without L of viscera. 

Degree of Blood Involvement, — I = leukemic; s = subleukemic; a (used only 
in the tables) - aleukemic. 

Route of Injection, — iv, = intravenous; im. = intramuscular; sc. = subcu- 
taneous; ip. = intraperitoneal. 

o 5= unsuccessful transmission; x = transmission attempted recently. 
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ing immature, viable lymphocytes will be considered separately from 
attempted transmissions made with material free from viable cells. 

All birds used in this study (including the controls) were Barred Rock chickens 
raised for us on one farm. For technique, see our previous communications (5). 

Transmission of Strain 2 hy Material Containing Viable Lymphocytes 

Transmission of this strain was more often successful with blood 
than with an emulsion of tumor cells (Table IV). Inoculations with 
blood were successM both in chicks weighing from 100 to 300 gm. 
and in chickens weighing from 600 to 1200 gm. In the latter about 

TABLE IV 


Inoculations ivith Material Containing Viable Lymphocytes 


Material injected 

Route of 
injection 

No. of 
transmis- 
sions 

No. died 
of inter- 
current 
disease 

Type of leukosis 

Successful 

Uncertain 

Unsuccessful 

Within 1 mo. 

o 

s 2 
£ ^ 

rJ 

B 

o 

*5 « 
B o 

i w 

^ tn 

Be 

o 

>.1 

s 

'o 

a-s 

ts 

w 

S 

‘a 

< 

Untyped 

Blood injected into chicks 

iv. 

i 

1 

31 

16 

6 

3 

2 

1 


5 

4 

Blood injected into young 

cc 


5 

93 

16 

14 

52 

11 

1 

6 

29 

8 

chickens 













Tumor tissue 

(1 

8 

0 

21 


' 2 

4 

1 




3 

<( (c 

im. andsc. 

1 

0 

18 

5 

5 

1 






Total 


6 

163 

37 

27 


14 

2 

6 

34 



one-half of all injected birds developed lymphomatosis, and the death 
rate due to intercurrent diseases was much lower than among baby 
chicks (Table IV). Transmission by an emulsion of tumor cells was 
much more successful by intravenous than by subcutaneous or intra- 
muscular injections. In the seven experiments recorded in Table IV, 
only one of the 19 chickens injected intramuscularly died of leukosis. 

In more recent e.xperiments not described fully in this report, sub- 
cutaneous and intramuscular inoculations were more often susccessful, 
but with one exception there was no tumor formation at the site of 
injection. On the other hand, subcutaneous transmissions of l>mpho- 
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matosis of mice (20) were never successful unless a tumor developed 
at the site of inoculation and tumors could be produced with lympho- 
cytes obtained from the blood. The significance of this observation 
will be discussed later. 


TABLE V 


Data on the Relationship between the Success of Inoculation and Amount of Blood 

Injected 


Donor 

No. of 
chicken 
injected 

Amortnt 
of blood 
injected 


Result of 
inoculation 

2255, IL 

26t2 

cc. 

1 

Killed after 152 da>"s* 

Xegadve 


2645 

1 

Died after 84 days 

sL 


2643 

4 

Killed after 44 days 

IL 


2611 

10 

Died after 132 days 

Xegative 


2644 

14 

« 147 ** 

IL 

296S, aty- 

3160 

0.5 

Died after 40 da>"5 

sL 

pical 

3161 

0.5 


zL 


3162 

; 0.5 

Alive and healthy 



3163 

10 

CC (( 1C 



3164 

20 

Died after 32 days 

E 

2643, IL 

5 chicks 

0.1 

3 died of leukosis after 67, 75, and 123 days 



5 » 

1 

3 " " 34,75, '' 116 “ 

(2 of each group are alive and healthy) 



4 chickens 

0.1 

4 died of leukosis after 38, 49, 55, and 97 dal's 



2 

2 

I « “ “ “ 41 days 

(1 of the 2nd group is alive and healthy) 


3133, sL 

4 chickens 

0.005 

3 died with leukosis after 40, 54, and SS days 

\ 


3 

1 

2 “ “ “ “ 51 and 86 days 

(I of each group is alK'e and healthy) 



^ After injection. 


The relationship between the success of inoculation and the amount 
of blood injected has thus far not been studied systematically. The 
obser\*ations shown in Table V suggest that the concentration of the 
agent in the blood is great and that the success of inoculation depends 
rather on the indi\idual susceptibility of the chickens than on the 
inoculating dose. 
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Transmission Experiments iidth Material Free from Viable Cells 

Table VI shows that aU t 3 rpes of disease produced by material con- 
taining viable blood cells are also produced by material free from 
viable cells with the exception of myeloblastomatosis. 

Transmission by Filtered a7id UnfiUercd Plasma 

Inoculations with unfiltered plasma were successful in about 36 
per cent of the injected chickens, but after filtration through a Berke- 
feld N filter this percentage decreased to about 21. 

The plasma was obtained by spinning heparinized blood at 1000 r.p.m. for 5 
minutes, and then spinning the plasma twice at 3000 r.p.m., 10 minutes each time. 


TABLE VI 

Intravenous Inoculations with Material Free from Viable Leukocytes 


Material injected 

No. of 

transmissions 

No. died of 
inter- 
current 
disease 

Type of leukosis 

Successful 

Uncertain 

Unsuccessful 

Within I mo. 

From 1 to 2 
mos. 

Lymphoma- 

tosis 

Myelocyco- 

matosis 

Myeloblasto- 

matosis 

Erythroleu- 

kosis 

Atypical 

Untyped 

Plasma, un51tered 


2 

18 

1 

3 

4 1 

3 i 

■ 

1 


1 

Plasma, passed through Berke- 1 

6 

0 

23 

1 

4 

3 ! 


■ 

1 



feld filter 








■ 




Dried blood 

4 

0 

5 



4 


■ 




Glycerinated blood 

0 

0 

3 

0 

2 



■ 




Blood frozen at ~“70®C. for 30 

2 

0 

1 





■ 


1 

1 

min. 








■ 




Total 

23 

' 2 


2 

9 

11 


■ 

2 

5 

2 


After each centrifugalization, the plasma was pipetted off with great care to avoid 
contamination by blood cells. From 0.2 to 3 cc. of plasma was injected intra- 
venouslj' into each bird. 

In filtration tests the plasma was first passed through a coarse Berkefeld filter, 
appro.\imately 1 3/8 x 5/8 inches in size, and then refiltered through a medium or 
fine filter of the same size at a pressure of 40 cm. Hg. The filters were tested 
and washed with Locke’s solution before filtration. Their quality is indicated by 
the following figures. 
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Plasma £rom Uiidcen 
No. 

1st filter 

2i:d filter 

L 

Bubbling pressure 

Flow’ of wntcr* 

Bubbling pressure 

FIott of water* 


cm,Eg 

cc. 

cm.Bg 

cc. 

2997 

33 

98 

50 

46 

3039 

29 

78 

46 

46 

3133 

30 

50 

50 

25 

3202 

22 

50 

50 

52 


* Dxiring 2 minutes at 40 cnu Hg. 


From 0.2 to 5 cc. of filtrate was injected intravenously into each bird. For the 
resxilts of the individual tests see Table III. 

It is highly probable that the disease produced by unfiltered leukemic 
plasma was due to the cell-free agent that it contained and not to con- 
taminating blood cells and that the smaller number of successful 
inoculations with filtered plasma was due to a partial retention of the 
agent by the filters. 

In three more recent experiments plasma filtered through a medium 
filter caused leukosis in about two-thirds of the 22 inoculated chickens. 
These experiments will not be fully described because several of the 
chickens injected in this series are still alive. 

Transmission Experiments with Dried Blood 

The following experiment indicates that drying does not destroy the 
transmitting agent of Strain 2. 

Procedure , — ^Loosely packed blood cells were frozen with the aid of solid carbon 
dioxide and dried in high \’acuum over phosphorus pentoxide. In the desiccator 
the material to be dried rested on a metal box into which solid carbon dioxide was 
inserted through an outlet on the top of the desiccator. With this arrangement 
drjdng took place while the material was in the frozen state. The dried material 
was then kept in the ice box in sealed test-tubes. 

Expcrimait 7. — 10 cc. of blood was drawn from a chicken vith subleukemic 
I>Tnphomatosis (N’o. 3039) and the plasma, filtered through a Berkefeld N filter, 
TN'as injected into eight chickens in amounts of 0.2 to 2 cc. Loosely pacl:cd cells 
from the same chicken were injected in amounts of 0.01 cc. into five chickens; 
cells 87 days after diy-ing were injected in amounts corresponding to 1.2cc,of 
loosely packed cells into another five; all injections were intravenous. Filtered 
plasma caused leukosis in only two of the eight injected chickens; one recovered 
and the other was lulled 26 days after injection. Blood cells caused leukosis in all 
of the five injected chickens and they died 39, 45, 45, 109, and 12S da >*3 after Ln- 
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jection. Four of the five chickens injected wth dried blood developed leukosis; 
two died 27 and 76 days after injection, two were killed 35 and 76 days after 
injection. 

It is evident from this experiment that the dried blood, kept in a 
sealed tube for 87 da 3 ’-s in the ice box, contained much of the active 
agent, whereas fresh plasma of the same bird, passed through a Berke- 
feld filter, contained little. 

Experiment 2 . — Four chickens were inoculated with dried whole blood, taken 
from a chicken with leukemic Ijunphomatosis (No. 2643), and kept for 103 days 
in the ice box. From 12 to 83 mg. of dried blood taken up in Locke solution was 
injected into each bird (1 mg. of dried blood was equal to 0.01 cc. of fresh whole 
blood). All chickens appeared healthy when killed 157 days after injection. The 
fresh blood of the same chicken, injected in amounts of 0.1 cc. into chickens of 
the same size, caused leukosis in all four chickens injected. 

Thus in this experiment drying of blood resulted in inactivation 
of the transmitting agent. Quantitative relations were ignored in 
both experiments, but are being considered in the experiments now 
under way. 

Miscellaneous Experiments with Material Free from Viable Cells 

Gtycerinalion . — In one experiment five chickens were injected with from 0.07 
to 0.7 cc. of whole blood, taken from a chicken with atypical leukosis (No. 2768), 
and kept for 65 days in approximate!}^ 80 per cent glycerin. Three of these chick- 
ens died of intercurrent diseases, 34, 44, and 86 days after injection, without 
showing any lesions suggestive of leukosis and two remained healthy and were 
killed 158 days after injection. Fresh blood from the same chicken caused leukosis 
in 10 of 12 chickens injected with from 1 to 4 cc. 

In another experiment, loosely packed cells of a chicken witli atypical leukosis 
(No. 2976) were kept for 113 days in glycerin (3 cc. cells plus 10 cc. concentrated 
glycerin c.p.) and were injected into five chickens in amounts corresponding to 
0.5 cc. of cells. All of these birds remained healthy. All of five chickens injected 
with 0.25 to 0.5 cc. of fresh blood from the same chicken died with leukosis 43, 
74, 82, and 83 days after injection. 

Thus, attempts to preserve the transmitting agent in approximately 
80 per cent glycerin were unsuccessful in two experiments. 

Freezing . — Freezing at approximately — 70°C. for 1/2 hour caused 
little if any deterioration of the transmitting agent. Three chickens 
were injected wdth 0.005 cc. of loosely packed fresh blood cells and 
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three chickens with the same amount of cells after they had been kept 
at —70°C. for 1/2 hour. Two chickens of each group develop^ 
leukosis, those injected with fresh blood after 15 to 25 days, those in- 
jected with frozen blood after 29 days. 

Technique, — 0.5 cc. of the cells was sealed in a test-tube which was immersed in 
ether and kept for 1/2 hour in a thermos bottle containing one-half of its volume 
of solid carbon dioxide. 

Experiments with mouse leukemia indicate that the death point of 
leukemic lymphocytes is, at temperatures below the freezing point, 
between —10® and — 20®C. There is little evidence in favor of the 
view of Cramer and Foulds (21) that mammalian tumors are caused 
by invisible agents that share with the filterable agents of avian tumors 
the property of resisting freezing and thawing but do not share filter- 
ability and resistance to drying. Our experiments show that freezing 
at temperatures below — 30®C. injures little if at all the filterable 
agents of leukosis of chickens, but destroys blood cells and destroys 
the ability of malignant lymphocytes of mice to transmit lympho- 
matosis (20). It is a matter of dispute whether there is a difference in 
resistance to low temperature between cells of vertebrates on the one 
hand and nucroorganisms and viruses on the other hand {cf. Rivers 
(22)) ; there are not enough experimental data to settle this question, 
for most, if not all, of the experiments on resistance of organisms to 
freezing were concerned with the process of freezing and thawing and 
did not record the actual temperature to which all cells were exposed. 
Our experiments suggest that freezing and thawing at temperatures 
below — 30®C. for 30 minutes is a very good procedure to destroy 
living cells without inactivation of agents that transmit leukosis of 
chickens. It would be highly desirable to search with this procedure 
for the presence of agents in chicken tumors not transmissible by 
filtrates, for demonstration of filterability often fails because of tech- 
nical difficulties such as association of the virus with larger particles 
retmned by the filter. 


Control Materiel 

For comparison with tlie types of diseases caused by and charac- 
teristic of Strain 2, the incidence of tumors, leukosis, and related condi- 
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tions occurring among all of the chickens kept in our animal rooms 
throughout these transmission experiments was analyzed (Table VII). 
This table includes 298 chickens that were inoculated with transmis- 
sible leukosis, Strain 1, 20 chickens used for miscellaneous trans- 
mission experiments,' 14 chickens injected with various chemicals, and 
16 uninjected chickens, all kept in our animal rooms during this 
period. No immature lymphocytes characteristic of Strain 2 have 
been seen in the blood smears of these chickens. 


TABLE vn 

Survey of All Chicketts Kept in Our Animal Rooms during the Period of Experimen- 

iation with Strain 2 


Chicken 

No. of chickens in group 

Free from leukosis and 
tumors 

Type of leukosis 

Sarcoma 

Uncertain for leukosis 

No. died of 
intcrcurrcnt 
disease 

Erythroleukosis 
and myelo- 
blastomatosis 

rt 

B 

o 

J'.a 

Is 

1 

Lymphomatosis 

Atypical 

Within 1 mo. 

From 1 to 2 
mos. 

Uninjected 

16 

11 

0 ' 

1 

1 

1 

0 

0 

1 

1 

1 

1 

Injected with various chemi- 

14 

12 

0 ! 

0 ! 

0 

0 

! 2 

0 

0 

0 

cals 



1 




1 




Transmission experiments 



1 






1 


Strain 1 

298 

120 

137 

0 

0 

0 

1 

1 

23 

16 

Strain 2 

431 

209 

10 

17 

72 

38* 

5t 

8 

38 

36 

Miscellaneous 

20 

I 16 

0 

1 

0 

1 

0 

0 

0 

1 

1 


* In 13 instances the type of leukosis was not determined. 

1 2 instances of sarcoma occurred in association with leukosis. 


One chicken, injected \vith tumor cells deriving from a cliicken with 
spontaneous aleukemic lymphomatosis (given in the group of mis- 
cellaneous transmissions), died of aleukemic lymphomatosis. At- 
tempted subpassages made from this bird into six chickens (given also 
among miscellaneous transmissions) were unsuccessful. 

In none of the chickens injected with Strain 1 was myelocytomatosis 
found, but it was found in one of the uninjected controls. This spon- 
taneous instance of myelocytomatosis was associated with endothe- 
lioma, the only presumably spontaneous tumor of this type I have ever 
seen. It is noteworthy that during the period of these investigations 
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(April to December, 1932) the birds were kept side by side in meshed 
wire cages, and in several instances birds injected with different ma- 
terial were kept in the same cage. Yet there is no evidence that 
Strain 1 became contaminated by Strain 2, or Strain 2 by Strain 1. 
Since December, 1932, the cages holding the birds injected with differ- 
ent strains of leukosis have been kept in separate groups but in the 
same room. Uninjected chickens have been kept as controls, some 
separate from and some among the inoculated chickens. No trans- 
missible leukosis has so far (May, 1933) been obser\^ed among ap- 
proximately 30 uninjected control chickens thus treated. 

DISCUSSION 

Are all types of leukosis observed among the passages of Strain 2 
caused by a single agent? 

The data presented indicate that l3rmphomatosi5, myelocji:omato- 
sis, and endothelioma of fowls are transmissible diseases. Of 294 
chickens injected with cell-containing material (Table IV), 131 de- 
veloped leukosis, 60 of the latter had lymphomatosis, 14 myelocytoma- 
tosis, and 10 instances of leukosis were associated with endothelioma. 
Among 73 chickens inoculated with material free from viable cells 
(Table \T) 23 instances of leukosis w^ere obser\’’ed; 11 chickens de- 
veloped lymphomatosis, 3 myelocytomatosis, and 1 instance of 
leukosis was associated with endothelioma. Since myelocytoma and 
endothelioma are rare as spontaneous diseases, it is probable that they’* 
too are caused by a filterable agent. 

Indeed the experiments suggest that lymphomatosis, my^elocytoma- 
tosis, and endothelioma are caused by the same agent. VTi ether 
transmissions are made from apparently^ pure instances of lympho- 
matosis or of my^'clocytomatosis, there occur instances of both lympho- 
matosis and myelocytomatosis among the successfully’ inoculated 
birds. Lymphomatosis usually occurs more often than my’docyto- 
matosis. Endothelioma free from lymphomatosis and my'dacyic- 
matosis w'as not observ’ed. Of 13 instances of endothelioma with 
giant cell formation, nine occurred among passages made from a 
leukotic fowl apparently- free from this disease. Our examination of 
small pieces of tissue does not exclude the possibility that minute 
lesions of endothelioma escaped discovery at the postmortem examina- 
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tion. But one would expect a higher incidence of endothelioma from 
transfers made from apparently pure cases of that disease. Similarly, 
were different viruses responsible for Ijonphomatosis, on the one hand, 
and myelomatosis, on the other, one would expect among the suc- 
cessfully inoculated chickens a great incidence of the type from which 
the transfer is made, but this is not the case. Nevertheless, the 
evidence presented here does not exclude the possibility that we are 
dealing with an intimate mixture of viruses, and, for this reason, 
further efforts toward separation are being made. Transmission ex- 
periments are being conducted with washed cells of tmnors composed 
of one type of cell, and cross-immunity tests, including tests with 
Rous sarcoma, are being made. The experiments thus far performed 
indicate that sarcoma can be grafted upon chickens that are resis- 
tant to repeated inoculations of leukosis Strains 1 and 2. 

Another inference drawn from these observations is that trans- 
mission is accomplished mainly by the filterable agent and not by 
multiplication of the introduced cells. 

Intramuscular or subcutaneous inoculations with this strain are, 
with rare exceptions, not followed by tumor formation at the site of 
injection, whereas tumors and leukemia of mammals (20) and Rous 
sarcoma of chickens, including endothelioma of Begg, produce tumors 
at the site of injection. After subcutaneous injection of tiunor tissue 
derived from two spontaneous instances of Rous sarcoma (one occurred 
in an xminjected control chicken, one in a chicken inoculated with 
leukosis Strain 2) tumors developed readily at the site of injection. 
The agents of Rous sarcoma are capable of producing tumors in the 
subcutaneous tissue because the cells that they stimulate are present 
there, whereas the agents of leukosis have to reach blood-forming 
organs to find cells that can be stimulated by them. Lack of tumor 
formation after subcutaneous and intramuscular injection of leukemic 
lymphocytes or myelocytes supports the opinion that transmission is 
accomplished mainly by the filterable agent. 

Morphologically, there is a similarity between endothelioma of Begg 
and endothelioma occurring among the passages of Strain 2. The 
former is not associated with leukosis and stimulates endothelium of 
young capillaries, at the site of injection, to neoplastic growth. Strain 
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2 does not stimulate endothelium at the site of injection, and endothe- 
lioma caused by it is always associated with leukosis. 

The data presented by us show that there are at least two different 
agents that cause leukosis. Since the visceral alterations caused by the 
virus of neurolymphomatosis of Pappenheimer, Dunn, and Cone are 
leukotic in nature, we may regard their virus as a third virus that 
stimulates cells of the hemopoietic ^stem to apparently unrestricted 
multiplication. The agent of Jarmai that has affinity for the erythro- 
poietic tissue only may represent a fourth type of transmissible leukosis. 

The relation of neurolymphomatosis to this strain of lymphomatosis, 
wluch is also capable of infiltrating nerves and causing paresis or 
paralysis, will be discussed more fully in the report that follows. 
Suffice it to say here that the agent of neurolymphomatosis does not 
produce blood changes, whereas immature lymphocytes appear in the 
blood of most of the chickens successfully inoculated with our strain. 
Myelomatosis and endothelioma are not caused by the strain of 
Pappenheimer and coworkers, and lymphomatosis of viscera occurs 
only in 10 per cent of their paralyzed chickens. On the contrary, 
lymphomatosis of the viscera is the primary change produced by our 
Strain 2, and it is doubtful whether the two instances of paralysis 
without infiltration of viscera, occurring among the passages of our 
strain, are caused by the agent of Strain 2, for attempted transmission 
of one of these cases was unsuccessful. Infectious paralysis of Marek 
(cf. 16) and Seifried (16) is a primary inflammatory degenerative dis- 
turbance of the nervous system, and is imassodated viith lymphoma- 
tosis of the viscera. Strain 2 is a primary neoplastic disturbance of 
hemopoeitic tissues with secondary invasion of the ner\’es, and neuro- 
IjTBphomatosis of Pappenheimer and coworkers is sometimes Ijmpho- 
matosis of both \nscera and nerves, and sometimes paralysis caused 
by inflammation of nerv'es unassodated with lymphomatosis of \nscera. 

Claude and J^Iurphy (23) have compared the filterable agents of 
a\’ian tumors vith the substance described by Griffith and by Alloway 
that transforms one type of pneumococcus into another. Applying 
this analogy to Strain 2 one would expect that the filterable agent 
derived from myelocytomatosis would produce myclocy’tomatosis onty, 
and that derived from endothelioma would produce endothelioma onlv, 
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but the evidence presented shows that the type of leukosis produced 
is independent of that from which the agent is obtained. 

The filterable agents of avian tumors and leukosis are growth 
stimuli; the disturbance caused by them depends on the type of cell 
attacked, on the character of the stimulus (agent), and on some addi- 
tional unknown factors. Strain 2 is an example of a single agent that 
produces several types of diseases; whatever the type of the disease, 
the identity of the agent remains unchanged. 

SUMMARY 

A new transmissible strain of leukosis of chickens is described that 
causes (a) lymphomatosis with or without tumor formation, and with 
or without leukemia, (b) myelocytomatosis with or without leukemia, 
and (c) endothelioma. All these diseases are transmissible by material 
free from viable cells, and the available evidence indicates that they 
are caused by a single filterable agent. 

REFERENCES 

1. EUermann, V., and Bang, 0., Leucosis of fowls and leucemia problems, 

London, Gyldendal, 1921. 

2. Begg, A. M., Lancet, 1927, 1, 912. Murray, J. A., and Begg, A. M., 9th 

Sciait. Rep. Inv. Imp. Cancer Research Fund, London, 1930, 1. 

3. Pappenheimer, A. M., Dunn, L. C., and Cone, \^., Sior/s Agric. Exp. Station, 

Bull. 143, 1928; /, Exp. Med., 1929, 49, 63. 

4. Ratcliffe, L., and Furth, J., Am. J. Path., 1933, 9, 165. 

5. Furth, J., J. Exp. Med., 1931, 63, 243; 1932, 66, 465. 

6. Engelbretli-Holm, J., Z. Immunitatsforsch., 1932, 76, 425. Engelbrcth-Holm, 

J., and Rothe-Meyer, A., Acta path. Scand., 1932, 9, 293. 

7. Mathews, F. P., Arch. Path., 1929, 7, 442. 

8. Matliews, F. P., and Walkey, F. L., J. Cancer Research, 1929, 13, 383. 

9. Andersen, C. W., and Bang, 0., La leuc6mie ou leucose transmissible des 

poules, Festskrift B. Bang, Copenhagen, 1928, 353. 

10. Bang, O., Acta path. Scand., 1932, suppl. 11, 179. 

11. Stubbs, E. L., and Furth, J., J. Am. Vet. Med. 1932, 81, 209. 

12. Olson, C., Jr., Proc. Staf Meetings Mayo Clinic, 1932, 7, 720. 

13. Jfirmai, K., Arch, wisscnsch. u. prakt. Ticrhcilk., 1930, 62, 113; 1932, 66, 46. 

14. Battaglia, F., and Leinati, L., Boll. ist. sicrotcrap. milan., 1929, 8, 9. 

15. Van der V^alle, N., and Winkler-Junius, E., Tijdschr. vergelijk. Genecsk. 

1924, 10, 34, cited by Pappenheimer and coworkers (3). 

16. Seifried, O., Arch, xoisscnsch. u. prakt. Ticrhcilk., 1930, 62, 209. 



J, FURTH 


275 


17. Biely, J., and Palmer, E., Canad, /. Research, 1932, 7, 293. Biely, J., Palmer, 

E,, and Asmnndson, V. S., Canad. J. Research, 1932, 6, 347. 

18. Andrewes, C. H., J. Path, and Bad., 1931, 34, 91. 

19. Roffo, A. H., Mem. Inst. Med. Exp. Buenos Aires, 1923, 201; Ahslr. Bull. 

Assn, Franc. Etude Cancer, 1925, 16, 281. 

20. Pnrtli, J., Seibold, H, R., and Rathbone, R. R,, w. /. Cancer, 1933, 19, in press. 

21. Cramer, W., 9ih Scient. Rep. Inv. Imp. Cancer Research Fund, London, 1930, 

21. Cramer, W., and Foulds, L., 9th Scient. Rep. Inv. Imp. Cancer Research 
Fund, London, 1930, 33. 

22. Rivers, T. M., J. Exp. Med., 1927, 46, 11; Physiol. Rev., 1932, 12, 423. 

23. Claude, A., and Murpby, Jas. B., Physiol. Rev., 1933, 13, 246. 

EXPLANATION OF PLATES 

The blood smears were stained with a combination of Wright and Giemsa’s 
solutions, the sections with hematoxylin-eosin. The magnifications given are 
approximate. 


Plate 14 

Fig. 1. Photograph of the ovary and kidneys of Chicken 2255 (spontaneous 
leukemic IjTnphomatosis). There are numerous tumor nodules in the kidne}*s; 
the ovar>' seems normal. 

Fig. 2, Photograph of the liver of the same chicken. The liver is thickly 
studded with partly confluent tumor nodes. 

Fig. 3. Blood smear of Chicken 2255 showing large numbers of basophile 
l>Tnphoc>les. X 450. 

Fig. 4. Same with higher magnification (X 1500). 

Fig. 5. L>Tnpho<ytes characteristic for Strain 2 in the blood of a chicken with 
subleukemic IjTnphomatosis. They are basophilic and contain small vacuoles and 
azure granules. X 1300. 

Plate 15 

Fig. 6. The liver of Chicken 2255 showing extensiv^e I\Tnpbomatosis infiltrations. 
X 90. 

Fig. t. The spleen of Chicken 2255 showing the character of infiltrations. 
X 270. 

Fig. 8. S>*nc>*tial mass of tumor cells infiltrating the liver. X 700. 

Fig. 9. The kidney of Chicken 2255 showing c.x tensive hinphomatosis infiltra- 
tions. X 90. 
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VARYING HEMOLYTIC AND CONSTANT COMBINING CA- 
PACITY OF STREPTOLYSINS; INFLUENCE ON TESTING 
FOR ANTISTREPTOLYSINS 

By B. E. HODGE, M.D., and HOMER F. SWIFT, RLD. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, June 12, 1933) 

While investigating the antistreptolysin content of patients’ sera 
according to Todd’s method (1-3), we foimd that the hemoljiic titer 
of one given streptolysin might vary considerably within a short 
period. The purposes of this communication are: first, to show that 
although the hemolytic titer of such a streptolysin does vary, its power 
of combining with antistreptolysin is constant under certain condi- 
tions; and second, to discuss the effect of this phenomenon upon the 
standardization of streptolysins which are to be used in testing sera for 
antistreptolysins. 

Neill and Mallory (4) demonstrated that streptolysin may exist in 
at least two forms: (o) reduced and hemol 5 i:ic, and (6) oxidized and 
non-hemol>dic. They further showed that these two forms ate easily 
reversible, one to the other, by oxidation and reduction. Such a 
reversibility w’ould readily explain variations in hemolyiic titer because 
the degree of hemolysis depends upon the amount of the reduced 
(hemolytic) form alone; such a reversibility, nevertheless, might not 
change the total streptolysin present in a given lot of hemolytic broth. 
It seemed to us that this hj-pothesis predicates a constant combining 
capacity of strcptclj^sin vnth antistreptolysin even though the hemo- 
lytic strength might var}^ In order to test it the follomng experi- 
ments were performed. 

I^rgc amounts of strcploK-sins Xos. 32, 33, and 35 were made. Each batch 
was divided into several dificrent samples and each sample was subjected to differ- 
ent conditions, in order to obtain different hemolytic titers. In these experiments, 
the amount of hemolytic broth required to hcmoK-zc completely 0.5 cc, of 5 per 
cent red blood cells in 1 hour was determined; this is Imown as 1 sch.d. (minimal 
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hemolytic dose) (1). Simultaneously, the amount of serum required to neutrah'ze 
0.5 cc. of hemolytic broth was determined. The results are shown in Table I. 

In Table I it is seen that the amount of a given hemolytic broth 
required to hemolyze completely 0.5 cc. of 5 per cent red blood cells 
varied within wide limits, while, on the other hand, 0.5 cc. of one lot 


TABLE I 

Constant Combining Capacity Compared with Varying Hemolytic Strength of Three 

Different Lots of Streptolysin 


Strepto- 

lysin 

No. 

Conditions to which streptolysin was 
subjected 

Amount of 
hemolytic 
broth 

required to 
hemolyze 
0.5 cc. of 

5 per cent 
red blood 
cells 

No. of 
M.H.D. per 
0.5 cc. of 
hemolytic 
broth 

Amount of scrum 
required to neutralize 
0.5 cc. of 
hemolytic broth 



cc. 



CC, 


32 

A. Freshly opened, prepared, and re- 
duced 2 wks. previously 

0.18 

2.8 

1/120 

serum Eis 

32 

B. A exposed to room temperature 
and air 8 hrs. 

0.04 

12.5 

1/120 

(( 

it 

32 

1 

C. Freshly opened, reduced 2 days 
previously 

>0.40 

<1.2 I 

1/120 

ft 

tt 

32 i 

D. 1 part A, 3 parts unreduced 

0.18 

2.8 

1/120 

(( 

tt 

32 ! 

1 

E. Reduced day of using, exposed to 
air and room temperature 8 hrs. 

0.06 

1 

8,3 

1 

1/120 

i( 

tt 

33 

A. Freshly opened, prepared, and re- 
duced 1 wk. previously 

0.20 

2.5 

1/250 

tt 

tt 

33 

B. A after 8 hrs. unsealed at room 
temperature and 16 hrs. un- 
sealed in the ice box 

0.08 

6.2 

1/250 

it 

If 

35 

A. Immediately after being made 
i and reduced 

0.14 

3.6 

1/100 

(( 

Val 

35 

B, A after 24 hrs. in the ice box 

O.OS 

6.2 

1/100 

a 

If 


of streptolysin was always neutralized by a constant amount of one 
senun. Thus, in the case of streptolysin No. 32, 0.04 cc. of Sample B 
completely hemolyzed 0.5 cc. of 5 per cent red blood cells, though 0.40 
cc. of Sample C was insufficient to accomplish this. Nevertheless, 0.5 
cc. of both Samples B and C required 1/120 cc. of serum for neutraliza- 
tion; hence, the hypothesis above outlined was substantiated. 
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The constancy of combining power compared with the variability 
of hemolytic power made it desirable to determine whether a strep- 
tolysin, completely non-hemol 3 d;ic because in the unreduced state, 
still had the same combining capacity as when it was reduced. By 
setting up an experiment in stages, it was demonstrated that unreduced 
(non-hemol}rtic) streptolysin No. 32 had practically the same com- 
bining capacity as is shown in Table I. 

Repeated experiences of this type made it obvious that one must 
find a method for standardizing streptolysin other than that originally 


TABLE n 

Ivfluetice of Both Varying and Keeping Constant the Dose of Hemolytic Broth 


Streptolysin Xo. 32 

1 Condition of streptolysin 

Amount 

of 

hcmobaic 

broth 

producing 

complete 

hemob*sis 

Amount 

of 

hemolytic 
broth 
used in 
test 

No. 

of 

Amount 
of serum 
required 
for 

neutrali- 

zation 



cc. 

cc. 


cc. 

A. Using 2 \ M.H.D. as a 
constiint 

Immediately after re- 
duction 

0.2 

0.5 

2i 

1/250 


1 hr. after reduction 

0.1 

0.25 

2§ 

1/444 


24 hrs. after reduction, 
kept cold 

0.04 

0.1 

21 

1/1,200 

B. Using constant am- 
ounts of hemoly- 

Immediately after re- 
duction 

0.2 

0.5 

21 

1/250 

tic broth regardless 

1 hr. after reduction 

0.1 

0.5 

5 

1/250 

of hemolytic titer 

24 hrs. after reduction, 
kept cold 

0.04 

0.5 

121 

1/250 


recommended by Todd (l), and which he later found it necessary' to 
modify. Theoretically 1 streptolysin unit would be neutralized by 1 
antistreptofysin unit. Todd (1, 2) defined 1 antistreptolysin unit in 
a given scrum as the amount that would neutralize 2?. minimal hemo- 
lytic doses of streptolysin when 1 minimal hemofytic dose (m.h.d.) 
would completely hemoh-ze 0.5 cc. of 5 per cent rabbit red blood cells. 
According to this definition 1 combining unit of streptoh-sin should 
correspond to 2?. hemolytic doses. That such a correspondence does 
not constantly c.xist is shown in Table I and is even better illustrated 
in the folloufing e.\pcrimcnt. 
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Streptolysin No. 32 was reduced tn vacuo with 0.1 per cent sodium hydrosulfite. 
Portions of this streptolysin kept in the ice box during the period of the experiment 
were tested simultaneously for hemolytic and combining power at the following 
periods; immediately after reduction, 1 hour, and 24 hours later. The results 
are shown in Table II. 

Table II illustrates the unreliability of standardizing the combining 
capacity of streptolysins by their hemolytic strength. It further 
shows the necessity of discarding the m.h.d. standard and adopting 
one based on the total streptolysin content of a given reagent. If 
attempts had been made to standardize this lot of streptolysin by the 
2| M.H.D. method, its combining capacity would have apparently 
varied almost 500 per cent. When, on the other hand, the amount of 
streptolysin-containing broth was kept constant in spite of a varying 
hemolytic titer, its combining capacity was found to be constant. 

Todd (1) stated that it was impossible to titrate streptolysins accu- 
rately by their hemolytic capacity because of technical difficulties 
in determining their hemolytic strength, and also because non-hemo- 
lytic streptolysin had some power of combining with antistreptolysin. 
To test the latter point he used streptolysin so altered by long ex- 
posure to air that it could not be reduced to the hemolytic form. 
This altered streptolysin had lost all of its hemolytic power and well 
over half of its combining capacity. These changes were apparently 
irreversible (1, 5). In contrast to this, our experiments demonstrate 
still another reason for titrating streptolysins according to their com- 
bining capacity; namely, the easy and rapid reversibility of the non- 
hemolytic to the hemolytic form. 

It wiU also be observed from Table II that reduction progressed over 
a period of 24 hours. Such an observation suggested that it might be 
possible to push reduction to a point of completion, where all of the 
unreduced (non-hemolytic) form had been converted into the reduced 
(hemolytic) form. In such a condition, there should be a rough 
parallelism, at least, between the hemolytic titer and combining 
capacity of all streptolysins thus treated. We have, however, been 
unable to obtain any such parallelism wth regularity, possibly because 
of the presence of varying amounts of streptolysin so altered that it 
could no longer be reduced to the hemolytic form, although it still 
retained some power of combining with antibody. 
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Combining Stability of Streptolysin 

All of the data so far presented, suggested that it might be possible 
to prepare and reduce a large amoimt of streptolysin at one time, stand- 
ardize it with a number of sera of known antistreptolysin strength, 

TABLE m 


Comparative Constancy of Comhining Forjser of Variotis Lots of Streptolysin 


Streptolysin 

No. 

Date of preparation and 
reduction 

Date of test 

Amount of 
senim required to 
neutralize 0.5 cc. 
of streptol 3 *sin 

Scrum 

26 

Aug. 26, 1932 

Oct. 28, 1932 

cc. 

1/160 

Wei 

26 

<( 

26, 1932 

May 13, 1933 

1/133 

ft 

26 

ff 

26, 1932 

Oct. 20, 1932 

1/111 

Sch 

26 

f( 

26, 1932 

May 13, 1933 

1/100 

ft 

26 

a 

26, 1932 

Oct 28, 1932 

1/40 

McE 

26 


26, 1932 

May 13, 1933 

1/50 

ft 

33 

Jan. 25, 1933 

Feb. 5, 1933 

\l(a 

Br 

33 

(( 

25, 1933 

May 14, 1933 

\I62 

ft 

33 

ti 

25, 1933 

Jan. 26, 1933 

1/300 

Eis 

33 

ft 

25, 1933 

Feb. 1,1933 

1/260-1/300 

<1 

33 

ft 

25, 1933 

Feb. 5,1933 

1/260 

tt 

33 

ft 

25, 1933 

May 14, 1933 

1/300 

If 

33 

ft 

25, 1933 

Feb. 1,1933 

1/250 

Val 

33 

ft 

25, 1933 

Feb. 3, 1933 

1/240 

ft 

33 

ft 

25, 1933 

Feb. 5,1933 

1/225 

it 

33 

ft 

25, 1933 

Feb. 6,1933 

1/225 

ft 

33 

ft 

25, 1933 

May 14, 1933 

1/240 

tt 


and use it as a standard reagent over a considerable period. The 
stability of such a reagent is illustrated in Table IH. 

The variations noted in Table m are within the limits of error of the 
method employed. 

In order to maintain this stability it has been necessary to keep the 
flasks containing the reduced streptolysin in the refrigerator and well 
sealed with vaseline. Certain lots not scaled, even though kept in 
the cold, have become weaker in both hemolytic and combining 
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strength; and while this has not been a constant phenomenon, it 
has occurred often enough to make advisable the use of freshly opened 
streptolysin. 

To determine further the effect of exposure to air a number of flasks 
of the reagent were opened, part of the contents removed, and the 
flasks immediately sealed and replaced in the ice box. Tests made 
at the time of original opening and later are presented in Table IV. 

The results in Table TV indicate that reduced streptolysin opened 
and resealed may be safely used within a few days, but that less re- 
liance may be placed on such reagents kept longer periods. 


TABLE rv 

Constancy of Combining Power of Streptolysin Opened and Resealed 


Streptolysin No. 

Serum 

Amount of scrum 
required to neutralize 
0.5 cc. of 

streptolysin at time 
of original opening 
and rescaling 

Interval between 
tests 

Amount of scrum 
required at time of 
second testing 



cc. 


cc. 

33 

Wer 

I/ISO 

3 mos. 


34 

Ste 

1/33 

1 mo. 


34 

(C 

1/33 

2 days 


34 

N-99 




34 

Wei 

1/140 

1 day 


34 

(C 

1/140 

2 days 


34 

Rap 

1/140 

2 “ 


35 

Wei 

1/166 

3 mos. 



DISCUSSION 

The data here presented indicate that for the purpose of deter- 
mining the antistreptolysin content of a given serum it is essential 
to know the combining capacity of the streptolysin used rather than 
to determine its exact hemolytic power in terms of minimal hemolytic 
dosage. 

The technical difficulties in the actual test arise from the fact that 
streptolysin plays at least two different roles vi viiro: first, that of a 
substance which combines with antibody, apparently in multiple 
proportions, in the first stage of the reaction, and second, that of an 
indicator which makes itself manifest by lyzing erythrocytes in the 
second stage. The streptolysin exerts the first function cither in the 
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oxidized or reduced state, and the second function only in the reduced 
form. To titrate the exact point where streptolysin and antistrep- 
tolysin have completely combined one with the other, it is necessary 
to have additional tubes containing some zmcombined, reduced (hemo- 
lytic) streptolysin which will lyze the eiythroc3rtes at all points in 
excess of that where the total streptolysin has been rendered com- 
pletely inert by the antibody. Any excess amoimt of free active lysin 
will indicate where this point lies; hence the last tube where no hemo- 
lysis occurs shows where the union of antigen (streptolysin) and anti- 
body has been complete. The important factor is that this strep- 
tolysin must be free in order to attack the erythrocytes and active in 
order to lyze them. 

Originally Todd (1,, 2) produced streptolysin by means of growing 
the streptococci anaerobically in a yeast extract reinforced broth 
sterilized by filtering through a Chamberland candle. The reagent 
thus produced seemed to contain about 2h ir.H.D. per 0.5 cc. of broth 
and to possess equivalent hemolytic and combining powers. The 
same strain of streptococcus, however, when grovm aerobically in 
broth reinforced with dextrose, certain buffers, and salts (6, 7) has 
yielded much stronger concentrations of streptolysin per cubic centi- 
meter of medium. Reagents produced in the latter way have not 
shown any constant parallelism betn^een hemolytic and combining 
powers. The influence of varjdng degrees of oxidation and reduction 
in this media, with corresponding variations in amounts of hemolytic, 
compared with non-hemolyt:ic streptolysin, has made it necessary to 
change the methods of standardization of the reagent. If precise and 
constantly reproducible conditions for complete reduction of strep- 
tolysin to an actively hemolytic form could be determined, the stand- 
ardization of streptolysin in terms of 2§ m.h.d. would be p>os5iblc. Up 
to the present time, however, we have been unable acciuatcly to 
define these conditions. 

The fact, on the other hand, that a given amount of streptolysin 
kept under certain conditions has a constant combining capacity 
which is doubtless fixed regardless of whether it is in the reduced or 
oxidized form, or in a combination of the two, makes the standardiza- 
tion of a given lot of streptolysin more simple. The additional fact 
that the reagent maintains its combining capacity at a fairly constant 
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level, provided it is kept sealed and cold, makes easier the preservation 
of a quantity of standardized reagent. 

Todd (8) has suggested that a serum containing a known niunber of 
antistreptolysin units be universally employed as a standard but 
up to the present no such standard serum has been available. In 
order to keep the same system of units already employed by Todd, 
we have standardized our streptolysin with a number of sera furnished 
by Dr. Coburn, as described under Technique 4; duplicates of these 
sera had been tested by Todd. About 10 per cent of them showed wide 
variation from the results obtained by Todd, who (8) has suggested 
to us that the discrepancies are due to contamination of the sera; for 
as a rule we have found that sera kept sterile and cold have maintained 
quite constant their antistreptolysin content. 

After the completion of this work Todd’s latest paper (5) appeared 
showing that both reduced and unreduced streptolysins are active 
antigens in vivo, in that they both induce the production of anti- 
streptolysin when injected into animals; and incidentally he showed 
both here and in his original paper (1) that irreversibly oxidized 
streptolysin combined with antistreptolysin, though in different 
proportions than did reduced streptolysin. Furthermore, strepto- 
lysin produced in serum broth, while acting as an antigen m vivo 
would not combine with antistreptolysin in vitro, even though it would 
lyze erythrocytes. Tliis work furnishes additional proof of the neces- 
sity of determining accurately the dosage and conditions under which 
a streptolysin will combine with antistreptolysin if it is to be used for 
measuring the amount of the antibody in a given serum. 

SUMMARY 

Certain properties of streptolysin in respect of hemolytic power 
and capacity for combining with antistreptolysins have been deter- 
mined. The hemolytic strength may vary markedly, while under 
suitable conditions the combining power is constant. 

This stability of combining capacity makes it possible to prepare a 

* Bj’ antistreptolj'sin units Todd means the reciprocal of the fraction of a cubic 
centimeter of serum that will neutralize a standard amount of streptolj’sin. Ob%i- 
ously this amount of streptolysin must have been previously standardized accord- 
ing to the method herein described. 
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large amount of streptolysin, standardize it against sera of known 
antistreptolysin strength, and use it as a reagent over a considerable 
period for testing the antistreptolysin content of unknown sera. A 
modified technique for making these tests is described. 

APPENDIX 

Technique 

So many modifications of Todd's original technique (1) have been 
introduced that the following steps are described. 

1, Making the Broth (6, 7). — Fresh beef heart is freed of fat, finely ground, 
mixed with tap water in the proportion of 1 pound per liter, infused 16 hours in 
the ice box, heated slowly to 85®C., where it is maintained for 30 minutes. It is 
filtered through Pratt-Dumas filter paper, the meaty pulp squeezed diy% and 20 
gm. of Difco proteose peptone dissolved in each liter of infusion. The reaction is 
adjusted to pH 8; the broth is then filtered through No. 12 Whatman filter paper, 
and placed in flasks. It is sterilized in the Arnold apparatus on 3 successive da>*s. 
Each liter is then reinforced with the following solution which is sterilized by 
filtering through a Berkefeld candle before addition to the meat infusion: dextrose 
2 gra., NaHCOa 2 gm., NaCl 2 gm., Na 2 HP 04-12 H^O 1 gm., water 50 cc. The 
reinforced broth shoiild be incubated to insure sterilit>% 

2, Production of Streptolysin, — The broth, warmed to 37®C., is hea\dly inocu- 
lated with an actively growing culture of a suitable hemolytic streptococcus* incu- 
bated for 16 hours — then filtered through a Chamberland F candle, with the pre- 
caution of discarding the first 100 cc. of filtrate. 

This filtrate is then reduced in vactto by adding 1 gm. of freshly ground sodium 
hydrosulfitc to each liter, and maintaining a high %’acuum until only a few bubbles 
are given off. The addition of NaOH as originally ad\Tsed by Todd has usually 
been found superfluous, as the pH of the strep toh'sin after reduction is about 7,4 
to 7,8. The essential requirement is that the final reaction after complete reduc- 
tion remain slightly alkaline. The streptoh^sin is placed in tubes or small flasks 
and scaled with a layer of warm (not hot) sterile vaseline, about 5 cm. thicl:, and 
stored in the icc box. 

3, Titration of Uanolxtic Penver, — Beginning with 0.5 cc. of hemolytic broth, 
decreasing quantities in steps of about 10 per cent are placed in a scries of Was- 
sermann lubes. Physiological saline is added to make the total volume in each 
tube equal 1.5 cc. Then 0.5 cc. of 5 per cent wushed red blood cells (rabbit) is 
added, quickly and thoroughly shaken, and incubated 1 hour. The last tube 
showing complete hcmol\*sis contains 1 lui.n. 


• \Vc have employed Strain WPRL fumbhed by Dr. Todd, 
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4. Determining the Sia7idard Co77ibining Power. — ^In a series of tubes the strep- 
tolysin is diluted by 10 per cent decrements; the volume in each is made 0.5 cc. 
with physiological salt solution, then 1 cc. dilution of a known standard serum is 
added, the serum having been diluted so that 1 cc. equals 1 unit. The mixture is 
shaken immediately and after 15 minutes, is incubated 1 hour, when readings are 
made. The last tube showing no hemolysis represents the point of complete 
neutralization, or in other words, 1 combining unit. This testing should be done 
with several sera of known unit value, high, low, and medium, before the standard 
dose of a given streptolysin is fixed. 

5. Testing Human Sera for Antistreptolysin. — ^Todd’s technique (2) calls for a 
preliminary testing with 1:10, 1:100, and 1:1,000 dilutions of the serum and a 


Protocol 1 

Scheme for Diluting Scrum to Obtain a Given Nujnber of Units of Antistreptolysin 

per Tube 


Normal salt solution 










Serum 1:25 dilution 


QE 








Tube represents antistreptolysin units 

25 









Normal salt solution 



1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

Serum 1:100 dilution 

1.0 

jB 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Cc. employed in test 


1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Tube represents antistreptolysin units 


m 

200 

250 

300 

350 

400 

450 

500 

Cc. emplo 3 ’^ed in test 





0.5 

0.5 

0.5 

0.5 

0.5 

Tube represents antistreptolysin units 





600 

700 

800 

900 

1,000 

Cc. emplo^xd in test 





0.25 

0.25 

0.25 

0.25 

0.25 

Tube represents antistreptolysin units. . . 





1,200 

1,400 

1,600 

o 

o 

CO 

2,000 


second titration using 0.1 cc. increments of the dilution indicated by the pre- 
liminary test. Measured in units this gives a ver>' uneven gradation. We have, 
therefore, adopted a system whereby the gradations consist of 50 units from 50 
to 500, 100 units from 500 to 1,000, and 200 units from 1,000 to 2,000. As the 
majority of sera contain less than 500 units, this is the usual limit; and a second 
testing with the higher dilutions is only occasionally necessary. WTiere the ap- 
proximate range is knowm still fewer tubes are required. 

Two dilutions of serum to be tested, 1 ;25 and 1 : 100 respectively, are made with 
physiological salt solution, and subsequently diluted as shown in Protocol 1. 

WTiere necessar}’' the volume of dilution in eacli tube is made up to 1 cc. with 
physiological salt solution. The previously standardized streptolysin is diluted 
with physiological salt solution so that 0.5 cc. represents 1 combining unit as pre- 
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viously detennined in Step 4. This amount is added to each tube of diluted serum, 
well mixed and incubated in the water bath at 37°C, for 15 minutes, then 0.5 cc. of 
5 per cent washed red blood cells (rabbit) is added, well shaken immediately and 
again after 15 minutes^ incubation. The tubes are incubated for a total of 60 
minutes, and the readings made immediately. The last tube showing no hemol>"sis 
represents the ntimber of tmits of antistreptolysin in the serum tested. Control 
series containing no senim, serum of known low titer, and senim of known higher 
titer are introduced each day; thus a constant check on the combining capadty of 
the streptolysin is maintained; and when it varies appreciably from that originally 
detennined the tests for the day are discarded. 

Todd (8) has suggested to us that the streptolysin be diluted with broth similar 
to that in which it was originally made; but we have found that some lots of broth 
apparently inactivate the streptolysin. Phraological salt solution, on the other 
hand, has proven completely indifferent. It is advisable to dilute only appro.xi- 
mately the amoimt of streptolj’sin necessary' for 1 day’s work, because of the danger 
of deterioration after dilution. A new lot of streptolj’sin may be conveniently 
standardized by running parallel tests with the new and with the standard strep- 
tolysin with various sera at the time the antistreptol>^in contents of these sera are 
determined. 
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STUDIES ON AN UNCOISIPLICATED CORYZA OF THE 
DOMESTIC FOWL 


I. The Isolation of a Bacillus Which Produces a Nasal 

Discharge 

By JOHN B. NELSON, Ph.D. 

{From Ihe Deparlment of Animal and Plant Pathology of The Rockefeller Institute 
for Medical Research ^ Princeton, N. /.) 

(Received for publication, June 13, 1933) 

Under natural conditions the domestic fowl is subject to a number of 
infections which affect the nasal passages and result in a discharge 
from the nares. Laryngotracheitis, fowl pox, and fowl cholera may be 
accompanied by an inflammation of this character but in these cases 
the coryza is generally a transient manifestation which precedes the 
appearance of lesions elsewhere. The fowl is also susceptible to an 
uncomplicated coryza, not unlike the common cold of man, in which 
the inflammatory reaction is limited to the mucosa of the nasal pas- 
sage and the communicating portions of the orbital tract. This form 
of coryza, which is here considered, is probably identical with the con- 
dition known as catarrhal roup in the older literature and later desig- 
nated contagious catarrh. 

Dc Blieck^ recently studied a fowl cor>’za of this t\pe in Holland and isolated a 
hemophilic badllus from a blood agar plate streaked with nasal exudate from a 
naturally affected bird. He stated that the organism resembled the human 
influenza bacillus and named it B. hacmoglohinophilus coryza gallinorum. Normal 
fowl injected intranasally with pure cultures of the badllus regularly devdoped 
a cor>"za. McGaughe>*^ in England reported the isolation of a para-in flu enza 
bacillus, dependent only on V factor for growth, from the upper rcspiratoiy tract 
of fowl affected with coryza and also from normal birds. The badllus was not 
pathogenic for fowl upon subcutaneous or intravenous injection. Intranasal 
injection was evidently not carried out. The significance of the organism as the 
cause of the coryza w'as considered to be uncertain. 


» Dc Blicck, L., IV;. J., 19.'2, 83, 9. 

* McGaughcy, C, A„ 7. Cn^.p. Path, arj Thtrap., 1932, 45, 5S. 
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Isolation and CiiUivatioji 

The present work on fowl coryza was begun in the fall of 1931.® 
The disease was established in a group of normal birds by the intro- 
duction of nasal exudate from naturally affected fowl obtained on a 
nearby poultry farm and was subsequently maintained by transferring 
exudate to additional birds from time to time.^ The material was 
injected into the palatine cleft and its introduction was followed after 
a short incubation period by an inflammation of the nasal passages 
and a discharge from the nares. 

Most of the experimental fowl were drawn from a flock of Rhode Island Reds 
maintained for many generations at The Rockefeller Institute and known to be 
free from respirator}^ disease. As the work advanced it became necessar}' to Use 
Rhode Island Reds from another flock and also White Leghorns but in both cases 
tlie birds were from disease-free stocks. The infected birds were kept indoors in 
cages or enclosed runways which were maintained under a strict quarantine. 

Exudate from the experimentally affected fowl was first studied by 
ordinary bacteriological methods. A 1.5 mm. loop of the material 
removed from either the nares or the nasal canals was streaked over the 
surface of an open plate of 10 per cent horse or chicken blood agar. 
This examination served only to catalogue the bacterial flora of the 
affected air passages. Exudate withdrawn after the 2nd day of the 
coryza generally contained large numbers of bacteria, a single loopful 
often giving a nearly confluent growth of small colonies. Gram- 
positive cocci, diphtheroids, and Gram-negative bacilli predominated 
but rarely with any approach towards the pure growth of a particular 
organism. The former group included staphylococci, a greenish 
haloed streptococcus, a tetrad, and unidentified micrococci. The 
latter group embraced some 10 unidentified species and in addition 
several strains of a para-influenza bacillus. BaciUi of the Pasteurella 
group w'ere not encountered. Representative cultures of the Gram- 
negative bacilli were injected into the palatine cleft of normal fowl 
and failed in all cases to produce a coryza. Most of these bacteria 

’ A preliminan’ report of the early work was presented in Proc. Soc. Exp. Biol. 
and Med., 1932, *30, 306. 

* The original cor}’za cases were obtained by Dr. O. Seifried and Dr. C. Cain. 
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may be isolated from the nasal mucosa of normal birds but are present 
in much smaller numbers. 

Exudate diluted with bouillon and filtered through short Berkefeld 
V candles was likewise innocuous. 

As a control on the sterility of the filtrates a 0.5 cc. portion was added to fluid 
horse blood at the base of slanted nutrient agar. There was no macroscopic evi- 
dence of growth in these tubes. Fluid removed from the base of such a tube, 
after it had been incubated at 37°C. for 4 days, was injected into the palatine 
cleft of a normal fowl, 2 days later the injection was followed by a typical dis- 
charge from the nares. This was the first instance in which a nasal discharge had 
been produced in the absence of exudate. The uncultured filtrate in this case was 
non-infective, as usual. Exudate was removed from the nasal passages of the 
aflected bird, filtered through the same candle after sterilization, and portions 
before and after cultivation injected in normal birds. Identical results were 
obtained with this series and again with a third in which exudate from the second 
bird was utilized. A repetition of the entire experiment modified only by the use 
of fluid chicken blood in the culture medium >delded similar findings throughout. 

In all cases the birds which had received filtered exudate before 
cultivation remained normal, 'whereas those which had received the 
filtrate after cultivation, in the presence of fluid blood, developed a 
coryza. 

In the experiments described above exudate was removed from the nasal pas- 
sages, at autopsy, and rubbed up with a little bouillon in a glass tissue grinder. 
The suspension was diluted to a volume of approximately 5 cc with bouillon and 
rapidly filtered through a 3.5 cm. Berkefeld V candle. 0.5 cc, portions of the fil- 
trates were used in the inoculation of culture tubes, which were generally incubated 
at 37®C. for 24 to 4S hours, and in the injection of fowd. Blood agar plates w'erc 
streaked with exudate prior to filtration and in all cases showed many colonies of 
miscellaneous bacteria. 

As noted above, there w’as no macroscopic e\ddencc of bacterial 
growth in the incubated tubes of filtered exudate, the fluid from which 
was infective. At first, some difficult}" was experienced in detecting 
bacteria microscopically. It was shortly found, however, that films 
made from the fluid portion of the medium, not later than the 2nd 
day and after the tube had been shaken to disperse the sedimented 
red blood cells, regularly showed small Gram -negative bacilli. The 
supernatant portion of the fluid blood remainc*d clear for several days 
and prior to shaking contained only an occasional bacillus. Upon 
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prolonged incubation the fluid becomes turbid due to the precipitation 
of serum constituents. After the 2nd day of incubation the bacterial 
cells tended to fragment and lose their staining properties. In hanging 
drop preparations made from 24 hour old cultures the bacilli showed no 
motility. On open blood agar plates streaked with fluid from both 
young and old cultures and examined daily under low magnification 
there was no evidence of colonization. 

Cultivation of the specific bacillus was continued by serial transfer 
to horse blood agar slants at weekly intervals. Normal birds were 
injected with fluid from such cultures from time to time and in every 
case through the 25th subculture the injection was followed by a 
coryza. A total of 35 birds varying from 5 weeks to 2 years in age but 
mostly between 8 and 12 weeks of age, were employed in these experi- 
ments which were carried out between January and July. 

No differences were noted in the inflammatory changes produced by 
exudate and by cultures of the specific bacillus. There was a differ- 
ence, however, in the course of the 2 coryzas, the nasal discharge con- 
tinuing for a longer time in birds injected with exudate. The average 
duration of symptoms was approximately 11 days in 20 cases of the 
“exudate” coryza and 5 days in 20 cases of the “bacillary” disease. 

Weekly transfers of the organism were made during the summer of 
1931 but the maintenance of the coryza in fowl was discontinued. In 
September the infectivity of the 35th subculture was tested by 
intranasal injection, with the finding that the organism had become 
avirulent. 

Before setting out to recover a new strain of the bacillus, an attempt 
was made to perfect the method of isolation. Differential filtration, 
while a useful procedure, is not suitable for routine examinations. 
Only certain candles function in that capacity and an adequate supply 
cannot be kept on hand. 

It was found that the avirulent organism would colonize on the 
Surface of blood agar plates that were tightly sealed. For this purpose 
a closely fitting cover of modeling clay was employed instead of the 
usual glass lid. Small, slightly rounded, clear colonies were produced 
on plates sealed in this way. With the aid of a dissecting microscope, 
transfers could be readily made from individual colonies to blood agar 
slants. 
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The covers used in sealing the plates ^^ere made from one of the commercial 
modeling clays. A ball of claj' was pressed into a drcular disk about 5 mm. 
thick and 1 cm. larger than the bottom half of a Petri plate. The projecting 
portion was moulded to form a raised rim or flange. A sterile paper disk was used 
to cover the inner portion of the day cover, the inoculated dish inverted over it, 
and the flange firmly pressed to the side of the dish. The medium is thus in con- 
tact onl\’ with sterile surfaces and acddental contamination rardy occurs. The 
cover is readily removed intact by r unnin g a spatula inside the flange and may be 
used over and over again. 

This method of isolation was employed with birds w’hich had been 
injected ^th exudate from naturally infected fowl. The latter were 
obtained in October, 1932, on the same poultry farm from which the 
original cases had been secured during the preceding fall. Exudate 
was removed from the nasal canals of the experimentally infected 
fowl on the 1st or 2nd day of the coryza and streaked on plates, from 
which the specific bacillus was readily isolated. A coryza was regu- 
larly produced in normal birds by the intranasal injection of the 
organism in pure culture. The bacilli were again obtained on sealed 
plates prepared from the exudate of these fowd. 

The incubation period of both the “exudate’’ and “bacillarj^” 
coiyzas was 24 to 48 hours as in the case of those of the preceding 
year. The duration of the second “e.xudate” coryza was much longer 
however, than that of the earlier corresponding coryza. Sjonptoms 
regularly continued for 2 months or longer. The difiference between 
the “exudate” and “bacillaiy^” coryzas with respect to the duration of 
sjTTiptoms was more marked than in the case of the respective Upcs 
of the preceding year. The average period in 15 cases of the second 
“bacillaiy’'” coiy’^za was 11 days. It may be noted that Leg- 

horn fowl were used in addition to Rhode Island Reds in the above ex- 
periments. No difference was obseiv'ed in the susceptibility of the 
2 varieties. 

Aside from variations in the duration of the disease, no differences 
w'crc noted in the sjTuploms or the pathology’ of cither the “exudate” 
or the “bacillar}’” forms of the corj’zas studied in 1931 and 1932, 
respectively. 

IT.c experimentally infected birds showed a unilateral or a bilateral nasal dis- 
diargc after a short Lnoibation period. /\n initial unilateral dbeharge gcnc.-ally 
became bilateral as the cor}-aa advanced. Early in the disease the exudate W 2 « 
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largely a thin mucus which was relatively poor in cells. Later the mucus became 
thick and tenacious and mixed with large numbers of leucocytes and epithelial 
cells. Small cheesy granules made up largely of bacteria were also present in some 
of the advanced cases. The exudate was rarely limpid enough actually to drop 
from the nares but tended, rather, to collect there forming a plug which partially 
occluded the lumen. After the first few days the exudate was generally covered 
by a crust of dust and grain particles. At autopsy, a large volume of e.\-udate was 
commonly found in the nasal passages and not infrequently in the orbital sinuses. 
Aside from the increased secretion of mucus the nasal mucosa showed little or no 
gross evidence of injury. 

There were no other consistent manifestations or symptoms in the infected fowl. 
Occasionally the inflammation extended to the external periorbital tissues, with a 
transient watery discharge. At autopsy, a few birds showed a catarrhal inflam- 
mation of the trachea. There was no specific mortality and in most cases the in- 
fected birds did not appear ill. The majority of the birds showed no respiratorj' 
abnormalities; a few birds wth a heav^"^ bilateral discharge breathed through the 
mouth with the beak open and in those witli an involvement of tlie trachea respira- 
tion was accompanied by a distinct gurgling sound. In the case of the persistent 
“exudate” coryza, growth and egg laying were noticeably retarded. 

The appearance of naturally affected fowl was often quite different. Some 
of tlie birds received from the poultry farm where the corj'za was endemic showed 
emaciation, diarrhea, a labored audible respiration, and edema or inflammation 
of the periorbital tissues. The latter was characterized by eitlier a copious puru- 
lent discharge or a massive accumulation of exudate in the orbital cavity. In our 
experience the transference of nasal exudate from sucli birds to normal fowl main- 
tained under controlled conditions was followed only by the development of a 
coryza. 


DISCUSSION 

The passage of the specific organism through certain coarse Berke- 
feld candles, which held back other bacteria, was a particularly fortu- 
nate circumstance in view of its inability to colonize on open blood 
agar plates. This peculiarity in growth obviously precluded plating, 
under ordinary conditions, as a metliod of separating the bacillus 
from the miscellaneous bacteria present in the nasal exudate of fowl 
affected with coryza. 

The filtered exudate after cultivation in a suitable fluid medium 
showed intact bacterial cells in an uncontaminated condition. The 
precursors of these cells, present in the filtrate before cultivation, were 
incapable of producing a coryza in normal fowl, either by reason of 
insufficient numbers or of an altered biological state. After cultiva- 
tion the filtered exudate was regularly infective. 
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Earlier attempts to induce colonization of the bacillus on solid 
media had been unsuccessful and the evidence that only one organism 
was present in filtrates from different birds was somewhat circum- 
stantial. The subsequent discovery that colonization could be 
initiated by sealing the plates used for cultivation furnished a useful 
method of isolation and by the imiformity of the colonies supplied 
additional e\ddence that the same organism was present throughout. 

The question which arises concerning the relationship of this bacillus 
to the one isolated by de Blieck^ cannot be answered at present. The 
latter organism was described as resembling B. i7ijli(e7izae of man but a 
detailed statement of its growth requirements was not made. It 
apparently colonized on open blood agar plates. In the morphology 
of its cells and colonies the present bacterium bears a resemblance to 
the influenza bacillus and like it is soluble in bile. Unlike the latter, 
however, it fails to grow in bouillon containing X and V factors of 
plant origin, suggesting that its growth requirements may not include 
these accessory factors; and it fails to colonize on open blood agar 
plates. The present organism is readily differentiated from the para- 
influenza bacillus which was occasionally isolated from the nasal 
exudate of fowl affected with coryza. The latter bacillus required V 
factor only in the medium of growth, as did the strains isolated by 
McGaughey,- and it grew well in bouillon enriched with a plant ex- 
tract instead of blood. There appears to be no good reason for 
regarding the present bacterium as an influenza bacillus, although it 
probably belongs to the group of hemophilic bacteria which includes 
that bacillus. Its final classification as well as a detailed description of 
its characters is, however, held in reserv^e. 

SUifilARY 

By a method combining filtration and cultivation an unidentified 
Gram-negative bacillus was isolated from the nasal exudate of fowl 
c.xp crimen tally infected with an uncomplicated cor\*za. Isolation 
was accomplished by cultivation on sealed blood agar plates after un- 
successful attempts to produce colonics on open plates. Injection of 
the organism into the palatine cleft of normal birds was regularly 
followed by an inflammation of the nasal mucosa and a discharge 
from the narcs. A para-influenza bacillus which was also recovered 
from the nasal tract of affected fowl was innocuous. Certain cultural 
characters of the bacillus, bearing on its classification, arc discussed. 




STUDIES ON AN UNCOMPLICATED CORYZA OF THE 
DOMESTIC FOWL 

n. The Relation oe the “BAciLiuARy” Corvza to That 
Produced by Exudate 

By JOHN B. NELSON, Ph.D. 

{From the Department of Animal and Plant Pathology of The Rockefeller 
Institute for Medical Research, Princeton, N, /.) 

(Received for publication, June 13, 1933) 

The isolation of a Gram-negative bacillus from the nasal exudate of 
fowl experimentally infected with an uncomplicated coryza is reported 
in the preceding paper.^ The introduction of this organism into the 
palatine cleft of normal fowl was regularly followed by an inflammation 
of the upper air passages with a discharge from the nares. It was of 
importance to determine w’hether any infectious agent other than the 
specific bacillus is etiologically associated wdth the disease. The ob- 
servation that the coryza produced by injection of the bacillus regularly 
ran a shorter course than that produced by exudate had suggested that 
a second agent might be involved- The results of protection tests 
carried out to test this possibility are here reported. 

EXPERIMENTAL 

Seven birds that had recovered from the cori'za produced by the 1931 strain of 
the specific bacillus were subsequently reinjected with cultures of the same strain. 
It may be noted that the coiyza studied in 1931 (Coiy'za I) w’as characterized by a 
relatively short course which averaged 5 flax's in the case of the '‘badllaiy’’' form 
and 1 1 days in that produced b\' exudate. The interval between the disappear- 
ance of sx'mptoms and the second injection of the organism x'aricd from bird to 
bird, with extremes of 14 and 26 dax-s. The reinfected fowl were examined daily 
during a period of 2 wcclis and 6 of them remained normal throughout that intcr- 
x'al. At autopsy, there xvas no cx-idence of an inflammation of the nasal mucosa. 
After an incubation period of 4S hours the scx'cnth bird dex'cloped a corx'za which 
lasted for 7 flax's. In tliis case the intcrx*al which preceded the second injection 
was 14 days. 

' Nelson, J. B., /. P^p, Med., 1953, 58, 2S9. 
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STUDIES ON AN UNCOMPLICATED CORYZA OF THE 
DOMESTIC FOYT. 

n. The Relation or the “Bacillai!.y” Coryza to That 
Produced by Exudate 

By JOHX B. NELSOX, Ph.D. 

{From the Department of Animal and Plant Pathology of The Rockefeller 
Institute for Medical Research, Princeton, N, J,) 

(Received for publication, June 13, 1933) 

The isolation of a Gram-negative bacillus from the nasal exudate of 
fowl experimentally infected with an uncomplicated coryza is reported 
in the preceding paperJ The introduction of this organism into the 
palatine cleft of normal fowl w^as regularly followed by an inflammation 
of the upper air passages with a discharge from the nares. It was of 
importance to determine whether any infectious agent other than the 
specific bacillus is etiologicaUy associated with the disease. The ob- 
servation that the coryza produced by injection of the bacillus regularly 
ran a shorter course than that produced by exudate had suggested that 
a second agent might be involved. The results of protection tests 
carried out to test this possibility are here reported. 

EXPERIMENTAL 

Seven birds that had recovered from the coryza produced by the 1931 strain of 
the spcdfic bacillus were subsequently reinjected with cultures of the same strain. 
It may be noted that the coiy’za studied in 1931 (Coi:yza I) was characterized by a 
relatively short course which averaged 5 da\'S in the case of the 'Tiadllaiy'” form 
and 11 daj-s in that produced by exudate. The intcr^-al between the disappear- 
ance of s>Tnptoms and the second injection of the organism %*aried from bird to 
bird, with extremes of 14 and 26 da>*s. The reinfected fowl were examined daily 
during a period of 2 weeks and 6 of them remained normal throughout that inter- 
val. At autopsy, there was no cddence of an inflammation of the nasal mucosa. 
After an incubation period of 4S hours the seventh bird developed a corx'za which 
lasted for 7 da}*^. In tills case the intcr^-al which preceded the second injection 
was 14 dav-s. 


' .Vchon. J. B., y. Exp. MeJ., 1935, 58, 2S9. 
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It was apparent from the above experiment that recovery from the 
“bacillary” coryza was attended by a considerable degree of immunity 
to reinfection with the bacillus. Reciprocal protection tests were then 
carried out to determine whether birds which had recovered from the 
“bacillary” disease were immune to reinfection with exudate and -oice 
versa. 

Two groups of 4 birds, confined in individual cages in separate quarantine units, 
were employed in this experiment. 0.5 cc. amounts of 24 hours old horse blood agar 
cultures of the specific bacillus were injected into the palatine cleft of the birds in 
one group. 0.5 cc. amounts of exudate, withdrawn from several fowl previously 
infected with “exudate” coryza, were similarly injected in the birds of the second 
group. After recovery from the initial coryza the birds of the first group were in- 
jected with exudate and those of the second with cultures of the bacillus. The 
interval between the disappearance of symptoms and the second injection varied 
from bird to bird with extremes of 7 and 20 days. Two normal birds were injected 
with culture and exudate, respectively, as a check on the infectivity of these agents. 
The reinjected birds were held under observation for 2 weeks and examined dailj'. 

The initial injection was followed in all cases by a cor}7za which 
tended to persist for a longer time in the birds which had received 
exudate. Throughout the period of observation the birds which had 
recovered from the “baciUary” coryza showed no response to the in- 
jected exudate. In 2 cases the interval between recover^’- and the 
second injection had been only 7 days. The control bird developed a 
nasal discharge on the 2nd day. The fowl which had recovered from 
the “exudate” coryza likewise failed to respond to the second injection, 
in this case of the bacillus. In these birds the interval between re- 
covery and reinjection had been 14 days or longer. The normal bird 
which had been injected with the bacillus showed a coryza, on the 2nd 
day. A summary of these observations is presented in Table I. 

The preceding protection tests on the first coryza (Coryza I) were 
carried out in the spring of 1932 and shortly after their completion 
the maintenance of the disease by bird to bird transfer was discon- 
tinued. In the fall attention was focused on a second coryza 
(Corj^za II) originally obtained from a different source.^ Protection 
tests were conducted with it and also with a third coiyza (Coiyza III) 
secured from the same poultr}”- farm as the first, but a year later. 

* The natural case of this corj'za was obtained by Dr. O. Seifried and Dr. C. Cain. 
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Coryza IT was first produced in Februar>% 1932, by the intranasal injection of 
normal fowl with exudate obtained from a naturally affected bird and up to July 
the disease was maintained by bird to bird passage. Both Rhode Island Reds and 
White Leghorns were used in the experimental production of the disease. It dif- 
fered from Coryza I with respect to the onset and duration of s>Tnptoms. Follow- 
ing the injection of exudate, sjTnptoms were regularly delayed until the 7th to the 
14th day but thereafter persisted for 2 months or longer. Exudate filtered through 
N and V Berkefeld candles was tested and foimd to be innocuous. Several unsuc- 
cessM attempts to isolate the specific bacillus by filtration were also made. The 
disease was maintained during the summer by contact infection and in September 


TABLE I 

CrosS‘Proiection Tests with ^^Bacillary'' and ^'Extidate'^ Forms of Coryza I 


Ko. of bird 

Material 

injected 

Incubation 

period 

Duration of 
£>Tnptoms 

Period 
between 
recovcr>* 
and second 
injection 

Material 

injected 

Result of injection 



days 

days 

days 



1 

i Exudate 

2 

18 

19 

Culture 

Normal 14 days 

2 

u 

! 2 

4 

17 

it 

II 14 II 

3 

u 

2 

17 

14 

ii 

II 14 II 

4 I 

it 

2 

11 

16 

it 

II 14 II 

Control 

1 

1 




Coiyza 2nd day 

5 

Culture 

1 

3 

1 

7 

Exudate j 

Normal 14 days 

C 

it 

2 

5 

9 

it 

II 14 II 

7 

ti 

2 

12 

7 

it 

II 14 II 

8 

it 

1 

4 

20 

it 

« 14 II 

Control 





it 

Corj-za 2nd day 


exudate from these birds was injected intranasally in normal fowl with the finding 
that the incubation period of the disease had become reduced to 24 or 48 hours. 
The course of the cor>'za, however, *was not altered and s>mptoms continued to 
persist for 2 months or longer. By the use of scaled plates of blood agar, the 
specific bacillus was readily isolated from the nasal exudate of these birds and regu- 
larly produced a cor}*za upon injection in normal fowl. The incubation period 
of the badllary” coiy^za was 24 to 48 hours, as in the case of the exudate*' cor>' 2 a, 
but the course of the disease was much shorter, averaging 14 daj's in 20 cases. 

It was found that birds which had recovered from the “bacillary’* 
and “exudate** t\*pcs of Coiyza II were resistant to reinfection with 
the bacillus and with exudate, respectively. Ten birds were employed 
in each experiment. 2 to 4 w*ecks after the initial coryza, produced in 
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It was apparent from the above experiment that recovery from the 
“bacillary” coryza was attended by a considerable degree of immunity 
to reinfection with the bacillus. Reciprocal protection tests were then 
carried out to determine whether birds which had recovered from the 
“bacillary” disease were immune to reinfection with exudate and vice 
versa. 

Two groups of 4 birds, confined in individual cages in separate quarantine units, 
were employed in this experiment. 0.5 cc. amounts of 24 hours old horse blood agar 
cultures of the specific bacillus were injected into the palatine cleft of the birds in 
one group. 0.5 cc. amounts of exudate, withdrawn from several fowl previously 
infected with “exudate” coryza, were similarly injected in the birds of the second 
group. After recovery from the initial coryza the birds of the first group were in- 
jected with exudate and those of tlie second vdth cultures of the bacillus. The 
interval between the disappearance of symptoms and the second injection varied 
from bird to bird with extremes of 7 and 20 days. Two normal birds were injected 
with culture and exudate, respectively, as a check on the infectivity of tliese agents. 
The reinjected birds were held under observation for 2 weeks and examined daily. 

The initial injection was followed in all cases by a cor}'’za which 
tended to persist for a longer time in the birds which had received 
exudate. Throughout the period of observation the birds which had 
recovered from the “baciUary” coryza showed no response to the in- 
jected exudate. In 2 cases the interval between recovery and the 
second injection had been only 7 days. The control bird developed a 
nasal discharge on the 2nd day. The fowl which had recovered from 
the “exudate” coryza likewise failed to respond to the second injection, 
in this case of the bacillus. In these birds the interx'^al between re- 
covery and reinjection had been 14 days or longer. The normal bird 
which had been injected with the bacillus show^ed a corj’^za on the 2nd 
day. A summary of these observations is presented in Table I. 

The preceding protection tests on the first coryza (Coryza I) were 
carried out in the spring of 1932 and shortly after their completion 
the maintenance of the disease by bird to bird transfer was discon- 
tinued. In the fall attention w'as focused on a second coryza 
(Coryza II) originally obtained from a different source.^ Protection 
tests were conducted with it and also with a third coryza (Coryza III) 
secured from the same poultr}" farm as the first, but a 3'’ear later. 

“ The natural case of this corj'za was obtained by Dr. O. Seifried and Dr. C. Cain. 
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a coryza of slow onset after passage through 4 susceptible birds. The 
experimental findings with Coryza 11 are presented in Table 11. 

Exudate from each of 10 recovered birds, which developed a coryza 
after the injection of exudate, was examined bacteriologically using 
sealed plates of horse blood agar. In all cases a culture was made 
shortly after the appearance of the nasal discharge and in some cases 
2 or more additional cultures were made at later intervals. The spe- 
cific bacillus was not isolated in a single instance from these plates, 

TABLE H 


Cross-Prolcciioii Tests with “Bacillary'^ Coryza II aiid Injectivity Tests with Exudate 

from the Reinjected Birds 


Protection tests 

Infeclivity tests 

No. of 
bird 

Inraba* 

tion 

period 

**badl- 

lary^’ 

corj’ra 

Dura- 

tion 

"bacil- 

lary*’ 

coryza 

Intcr^Til 

between 

recovery 

and 

mjcction 

of 

exudate 

Reaction of the recovered birds 

No. of 
bird 

Reaction of the susceptible birds 


dayi 

days 

days 





1 

1 

31 

21 

Cotyza after 13 daj'S 

1-A 

Normal 30 daj’s 

2 

1 

16 

18 

“ « 21 

(C 


“ 30 “ 

3 

1 

21 

22 

“ “ 15 

tl 


“ 30 " 

4 

1 

17 

22 

“ “ 13 

It 

kK| 

** 30 “ 

5 

I 

18 

34 

“ " 15 

(t 


Corj'za after 12 daj's 

6 

1 

10 

22 

« “ 10 

tt 

6-A 

<* 1^ d 

7 

1 

25 

14 

“ « jS 

tt 

7-A 

tt tt JI3 « 

8 

1 

21 

10 

“ “ 15 

it 

8-A 

“ « 10 “ 

9 

2 

7 

24 

« « 


9-A 

» “ 13 '' 

10 

1 

13 

14 

« « 14 


10-A 

II II ig II 

11 

1 

6 

18 

Xormal 30 daj’S 





The bacteria which developed on the plates were the usual organisms 
which inhabit the nasal mucosa of both normal and aflected birds; 
no additional bacteria were encountered. 

A bacteriological examination was also made of exudate removed 
on the 1st day of the corv'za from Birds 5-A, 6-A, S-A. and 9-A. Practi- 
cally a pure growth of the specific bacillus was obtained on sealed plates 
streaked with exudate from Xos. 5-A, S-A, and 9-A. It was not re- 
covered, however, on the plate from Xo. 6-A. Exudate from each of 
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one series by injection of the bacillus and in the other by exudate, had 
subsided, the birds of the first series were reinjected with the bacillus 
and those of the second series with exudate. The reinjected fowl were 
held under observation for a period of 30 days and during this time all 
of them remained normal. Susceptible birds injected with the same 
infecting agents developed a coryza on the 2nd day. 

A reciprocal protection test was then carried out to determine 
whether birds which had recovered from the “bacillary” coryza were 
also resistant to reinfection with exudate. The outcome of this experi- 
ment showed clearly that the resistance acquired as the result of in- 
fection with the specific bacillus was at least quantitatively different 
from that acquired after recoverj'^ from tlie “exudate” coryza. 

Eleven birds were emploj^ed in this experiment. 10 to 34 days after recovery 
from the initial coryza, produced by the injection of 0.5 cc. amounts of 24 hours 
old horse blood agar cultures of the specific bacillus, from Corj^za II, they were in- 
jected with 0.5 cc. amounts of exudate, removed from the nasal passages of several 
fowl affected with “exudate” corj^za. Prior to injection the exudate was rubbed 
up with a little bouillon in a glass tissue grinder and diluted to approximately 10 
cc. with bouillon. A susceptible bird was also injected witli 0.5 cc. of the same 
material. The reinjected fowl were held under observation for a period of 30 days 
and examined daily. Exudate was removed from each of the birds which devel- 
oped a second coryza, shortly after s 5 '’mptoms appeared, and a 0.5 cc. portion in- 
jected into a normal fowl. The birds of this series were also examined daily over a 
period of 30 da3's. 

Ten of the 11 birds which were injected with exudate, following re- 
covery from the “bacillar}'’” coryza, showed an inflammation of the 
nasal mucosa with a discharge from the nares. In each case, how- 
ever, sjmptoms appeared only after a long incubation period which 
varied from 10 to 21 days. The eleventh bird remained normal 
throughout the period of observ'ation. The control showed symptoms 
of corj'za on the 2nd day. Six of the 10 birds which were injected with . 
exudate, removed from the nares of the reinjected fowl, developed a 
coryza after an incubation period of 10 to 18 days. Four of the birds 
in this series remained normal during the period of observ'ation. A 
repetition of the entire experiment with Coryza III gave essentially the 
same results. Exudate from 1 recovered bird, which had developed a 
second corj'za following tlie injection of exudate, continued to produce 
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coryza may, however, retain their particular characters for a con- 
siderable period of time. 

Coryzas I and III were also produced experimentally by injection 
of the specific bacillus isolated from the nasal exudate but in both 
cases. the duration of the disease was much shorter than that of the 
coryza produced by exudate. Protection tests were carried out to 
determine whether this discrepancy was due to the presence of a 
second infectious agent, acting independently of or in conjunction 
with the specific bacillus, or to some other factor. 

The demonstration of reciprocal protection in the case of Corj^za I 
was directly opposed to this view^ but the course of events vdth Coryza 
II, after its incubation period had become reduced, and vdth Cotyza 
III seemed at first to favor it. In the case of the latter colzas most 
of the birds w’hich had recovered from the ‘^bacillarj’’” infection showed 
a nasal discharge follov,ing the injection of exudate. Subsequent ob- 
servations, however, suggested another explanation; namely, that the 
degree of immunity produced by the cultivated bacilli was not suf- 
ficiently high, in most cases, to actually destroy the bacilli present in 
exudate but v;as sufficient to retard their development. There was 
reason to believe, moreover, that growth of the latter bacillus in the 
partially immune host was attended by a temporary change in certain 
of its characters. Exudate from some of the reinjected fowl was in- 
fective for normal birds but with the first passage and sometimes vrith 
several additional passages it produced a coiyza of slow onset. Even- 
tually, however, the exudate returned to its normal level of in- 
fcctivity and for some unknown reason the isolation of the specific 
bacillus was most readily accomplished immediately preceding this 
change. 

As a working hj-pothesis, it is suggested that the fluctuations ob- 
serv’ed in the onset and course of the coiyzas from different sources 
and in the “bacillaiy” and ^‘e.xudate” forms of the disease are referable 
to changes induced in the specific bacillus by unfavorable environ- 
mental conditions, in the one case by growth in a partially immune 
host and in the other by artificial cultivation. The existence of a 
second infectious agent is not definitely excluded but no c\ndcncc that 
would support a dual ctiolog}* has been forthcoming, llic non-specific 
cflcct of secondaiy invaders, whicli are numerous in the injected exu- 
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these 4 birds was also injected intranasally in normal fowl. The incu- 
bation period of the resulting coryza was 24 hours in each case. The 
specific bacillus was isolated from the fowl injected with exudate from 
No. 6-A. The 4 strains of the coryza organism which were isolated 
from the birds of this series were injected into normal fowl and in each 
case produced a coryza after an incubation period of 24 hours. 

Protection tests were also carried out with a number of birds whicli 
had been exposed to Coryza II by direct contact. In this experiment 
5 normal fowl were placed in the same pen with 5 birds affected with 
“bacillary” coryza and a similar number in contact with 5 affected 
with “exudate” coryza. In each series 4 of the exposed birds de- 
veloped a coryza, those in contact with the “bacillary” cases after 6, 
7, 7, and 8 days and those in contact with the “exudate” cases after 
4, 5, 6, and 8 days. One bird in each series remained normal through- 
out the period of contact, which was continued until most of the birds 
had recovered. 2 weeks or more after recovery, 3 contact birds from 
each group were injected with the same agent to which they had been 
exposed. In both cases this number included 2 birds that had de- 
veloped coryza as a result of exposure and the 1 unaffected bird. The 
injected fowl were held under observation for 30 days and during this 
time none of them showed symptoms of the disease. 

DISCUSSION 

The existence of several types of uncomplicated fowl coryza, differ- 
ing from one another in the length of the incubation period and the 
course of the disease, is indicated by the preceding observations. 
Three such types were encountered; namel)’’, Coryza I with a rapid 
onset and relatively short course, Coryza II with a slow onset and a 
prolonged course, and Coryza III with a rapid onset and a prolonged 
course. There is a suggestion, from the experimental study of the 3 
types, that Coryza III is the basic form of the disease and that Coryzas 
I and II are variants which tend to revert to it with continued passage 
through susceptible fowl. Thus, Corj'za III was obtained from na- 
turally affected birds of the same flock from which Coryza I had been 
secured a year earlier. In the case of Coryza II a reduction in the 
originally prolonged incubation period occurred with the continued 
passage of exudate from bird to bird. The variant types of the 
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coryza may, however, retain their particular characters for a con- 
siderable period of time. 

Coryzas I and HI were also produced experimentally by injection 
of the specific bacillus isolated from the nasal exudate but in both 
cases, the duration of the disease was much shorter than that of the 
coryza produced by exudate. Protection tests were carried out to 
determine whether this discrepancy was due to the presence of a 
second infectious agent, acting independently of or in conjunction 
vdth the specific bacillus, or to some other factor. 

The demonstration of reciprocal protection in the case of Corj-za I 
was directly opposed to this vievr but the course of events vdth Corj^za 
n, after its incubation period had become reduced, and vdth Cotyza 
III seemed at first to favor it. In the case of the latter corjrzas most 
of the birds which had recovered from the ^^bacillan’’” infection showed 
a nasal discharge following the injection of exudate. Subsequent ob- 
servations, however, suggested another explanation; namely, that the 
degree of immunity produced by the ciiltivated bacilli was not suf- 
ficiently high, in most cases, to actually destroy the bacilli present in 
exudate but was sufficient to retard their development. There was 
reason to believe, moreover, that growth of the latter bacillus in the 
partially immune host was attended by a temporarj' change in certain 
of its characters. Exudate from some of the reinjected fowl was in- 
fective for normal birds but with the first passage and sometimes with 
several additional passages it produced a corj-za of slow onset. Even- 
tually, however, the exudate returned to its normal level of in- 
fectivity and for some unkno\\7i reason the isolation of the specific 
bacillus was most readily accomplished immediately preceding this 
change. 

As a working h\-pothcsis, it is suggested that the fluctuations ob- 
served in the onset and course of the corj'zas from dificrent sources 
and in the “bacillarj^” and ‘‘exudate’’ forms of the disease are referable 
to changes induced in the specific bacillus by unfavorable environ- 
mental conditions, in the one case by growth in a partially immune 
host and in the other by artificial cultivation. The existence of a 
second infectious agent is not definitely excluded but no evidence that 
would support a dual ctiolog}- has been forthcoming. The non-specific 
cfiect of secondary' invaders, which arc numerous in the injected exu- 
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date, should not be overlooked in this connection. It is unlikely, how- 
ever, that they play more than a minor role in tlie maintenance of the 
“exudate” coryza since tliey are also found in considerable numbers 
in the exudate from “bacillary” cases after the first few days. 

SUMMARY 

Three types of an uncomplicated fowl coryza, differing in the onset 
and duration of symptoms, developed after the intranasal injection 
into normal birds of exudate from natural cases. Protection tests 
were carried out with 2 of the types in an attempt to explain wh}’^ the 
“bacillary” disease regularly ran a shorter course than the “exudate” 
disease. Reciprocal protection Avas demonstrated in one case, but in 
the other the birds which had recovered from the “bacillary” disease 
were susceptible to reinfection with exudate. There was no indication, 
however, that a second infectious agent was present in the exudate, 
and the failure to cross-immunize was ascribed, rather, to a reduction 
in the immunizing properties of the specific bacillus induced by artificial 
cultivation. 

It Avas also noted that the coryzas produced by exudate and bacilli, 
respectively, could be transmitted from infected birds to normal ones 
by direct contact. In both cases 1 bird out of 5 failed to contract 
coryza on exposure. These 2 birds Avere later injected with the re- 
spective agents to Avhich they had been exposed and found to be 
resistant. 
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A study has been made of rabbits vaccinated with li\dng tubercle 
bacilli of human type and subsequently exposed to tuberculosis under 
conditions simulating the natural modes of human contagion. In 
view of the present world-vdde study of the prophylactic inoculation 
of human beings vdth BCG and other vaccines, the desirability of a 
method by which the safety and efficacy of a given procedure can be 
tested in small laboratory’' animals is obvious. The method employed 
in the present experiments can be used to throw light upon this and 
other problems in tuberculosis. 

That conclusions drawn from inoculation experiments are not directly appli- 
cable to infection under natural conditions has been shown in the extensive experi- 
ence of the last two decades with the \’accination of cattle. Although cattle 
treated with the bovo\’accine of von Behring resisted for several months fatal 
doses of tubercle badlli of bovine t\pc introduced artificially, these animals never- 
theless acquired tuberculosis when stabled for a year or more with cattle scattering 
tubercle bacilli (1). On the other hand it has been shown (2) that the laborious 
process of exposing experimental animals to tuberculosis by contact presents a 
much closer analogv’ to the disease as it occurs naturally in man. 

The original observations of Robert Koch, showing that guinea pigs and rabbits 
acquire tuberculosis by contact with tuberculous animals, has found wide con- 
firmation (3) in recent years. In the laboratory of The Phipps Institute* invest! 
gallons on contact tuberculosis in the guinea pig (2) have clearly distinguished 
infection acquired by way of the alimcntaiy*, and by way of the respiratorv* tract, 
and showed that the route of infection depended on the relative intensity of expo- 
sure by one or the other channel (2).' As in man, the engrafting of tulxTCuloris 


.vis 


* Lurie (2), 1930, page 769. 
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by the alimentary route inhibits the development of respiratory disease. Again 
as in man, alimentary tuberculosis in the guinea pig runs a more dironic course 
than the respiratory infection (2).- Furthermore tlie incidence of contact tu- 
berculosis was greatly increased by crowding, a factor of great importance in the 
epidemiology of the disease among human beings. These points of similarity 
were offset, however, by the fact that in guinea pigs tlie incidence of tuberculosis 
is low when acquired by contact, especially when acquired by way of the respira- 
tory tract. 

In the present experiments, rabbits have been used. It was thought that in 
this animal tlie incidence of tuberculosis under the same experimental conditions 
might be higher than in the guinea pig. It has been shown (2)^ that the deter- 
mining factor in the effect of crowding upon the incidence of tuberculosis is the 
amount of bacilli available for contagion. In the rabbit the kidne}'* is one of the 
favorite sites of tuberculosis, with frequent involvement of the medulla, and ex- 
cretion of large numbers of tubercle bacilli in tlie urine. Moreover tlie great differ- 
ence in the susceptibility of tliis animal to tubercle baciUi of human type on the 
one hand, and of bovine type on the other, provided a method by which a primary 
lesion produced b}’’ vaccination with the less virulent type could be definitel}’' dis- 
tinguished from a lesion acquired by contact witli tuberculous animals. By this 
means, also, tuberculosis cliaracteristic of white adults could be imitated. 

It is generall}'^ admitted that adult t 3 ^pe tuberculosis in the European races is 
an exogenous or endogenous reinfection following the primar}^ infection of infancy 
and childliood. A localized, non-progressive infection witli living human type 
bacilli in rabbits might serve experimentally, tlierefore, as a primary lesion com- 
parable to that acquired by man during childhood. If rabbits so treated, and tlien 
exposed to cage mates infected witli bovine t 3 "pe bacilli, were to develop progressive 
tuberculosis, tlie lesion could be identified b 3 ’’ isolating tlie causative agent in pure 
culture and determining its t 3 ^pe. 

Preliminary experiments showed, as had been expected, that the 
incidence of contact tuberculosis in normal rabbits exposed to cage 
mates infected with bovine type bacilli was much greater than in 
guinea pigs similarly exposed. Rabbits exposed to cage mates in- 
fected with the human type bacillus did not acquire the disease. Ac- 
cordingly the following experiment was begun. 

M cthod 

Metal cages were built, measuring 27 inches in widtli, 32 inches in depth, and 
15 indies in height, and equipped with wire mesh doors. To increase the ventila- 
tion, a window, 6 b 3 ' 8 indies, was cut out in the back of the cages 4 inches above 


• Lurie (2), 1930, page 753. 
^ Lurie (2), 1930, page 729. 



ilAX B. LURIE 


307 


the floor, and covered vrith wire mesh. Into each of 7 cages, 8 rabbits were placed 
upon a metal pan having an approximate area of 6 square feet. 4 rabbits were 
infected intravenously with 0.001 to 0.000,01 mg. of a highly \drulent strain of 
bovine type tubercle bacilli, “Ravenel,” and serv^ed as sources of contagion for the 
other 4 animals in the cage. 2 of the latter were normal half grown rabbits free 
from tuberculous infection. The other 2 were rabbits of similar age that about 2 
months previously had been given a subcutaneous inoculation of 1.0 mg, of a \'iru- 
lent human t>'pe tubercle bacillus, No. P-15 B. 

In these cages the normal and infected rabbits were e-xposed under identical 
conditions to infection both by way of the alimentar>" and respirator^' tracts. 

To determine whether normal and infected rabbits will acquire tuberculosis 
under conditions eliminating gross alimentaiy' infection, another cage of the di- 
mensions given above was divided through the middle by a vertical partition of 
galvanized iron soldered to the walls. A window, 25 inches in length and 8 inches 
in height, was cut into this partition 6 inches above the floor. This opening was 
covered with 1/16 inch vdre mesh gauze soldered to its edges. 4 rabbits inoculated 
intravenously with 0.001 to 0.000,01 mg. Ravend strain were placed upon a pan 
in one compartment of the cage. These served as sources of contagion for 4 rab- 
bits placed in the other compartment, 2 normal, and 2 \'accinated “with human type 
bacilli as described above. To increase the circulation of air from the sources of 
contagion to the contacts, a slit, 26 x 3 inches, was made in the solid metal door of 
each compartment, 4 inches from the floor in the door dosing upon the sources of 
contagion, and 11 inches from the floor in the door dosing upon the contacts. 
The air warmed by the sources of contagion rises upward, passes through the wire 
mesh screening into the compartment containing the contacts and passes out 
through the slit in the door of this compartment. This 8th cage was referred to 
as the ‘*respirator>' cage.” 

The pans on the floor of the cages were bedded with peat moss. Food in ade- 
quate amounts was placed upon them daily, consisting of hay, oats, and bread 
soaked in water, with fresh green vegetables tvdcc a week. The cages were deaned 
three times weekly on alternate daj-s. In case of death of any animal from an in- 
Icrcurrcnt infection the cage was sterilized. 

The population of these 8 cages was kept constant by replacing the dying ani- 
mals, cither the sources of contagion or the contacts, by similarly treated or normal 
animals. 

The extent of tuberculosis in the inoculated sources of contagion 'was determined 
at their death. In some of these the urine from the bladder was stained for tu- 
bercle badlli. 

The cx7)crimcnt was continued for over 1 year. At the end of this time all the 
remaining contacts were killed and a careful autopsy was performed on each of 
them. A dLi gnosis of tuberculosis in ‘‘normal contacts” was in\'ariab!y confirmed 
by numerous smears for add-fast badlh. In 1 animal the wlrulence of a pure 
culture obtained from the lung was the same as that of the Ra%'cnel strain u«'e<f to 
inocuhlc the sources of contagion. The tuberculous lesions of animals that luid a 
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primary infection witli human t 3 ’'pe tubercle bacilli before exposure was begun, 
were cultured for tubercle bacilli after sodium hydroxide treatment. Their \dru- 
lence was determined by inoculating 2 rabbits intravenously with 0,01 mg. of 
these cultures or of cultures obtained from other animals, rabbits or guinea pigs, 
that had been injected witli the lesions of the contact animal. In tliis wa}’’ the 
lesions found in these contacts could be definitely ascribed eitlier to exogenous 
reinfection with the bovine type bacillus or to endogenous spread from tlie primar}" 
lesion caused by the subcutaneous inoculation witli the human type bacillus. In 
some rabbits both the residual primar}'’ lesion in tlie subcutaneous tissues and the 
lesion in the lungs were cultured and the virulence of eacli culture determined. 
In some vaccinated contacts tlie b^ie of tlie bacillus in tlie tuberculous lesions was 
determined by the direct intraperitoneal inoculation into rabbits; if deatli from 
massive generalized tuberculosis and tuberculous peritonitis resulted in about 2 
months the lesion was considered to have been caused b}’’ tlie bo\dne type bacillus. 

Sections for microscopic study were prepared from the lesions of all contacts 
that developed tuberculosis. 


ItESULTS 

The Primary Lesion of Vaccination 

Before considering the main results of the experiment it is of inter- 
est to follow the course of the primary infection in the vaccinated 
contacts. 

About 1 week after tlie subcutaneous inoculation of 1.0 to 0.01 mg. of the human 
type strain, P-l-S B, a subcutaneous nodule developed, var}dng in diameter from 
9 to 19 mm. The skin overl 3 dng tliis nodule was usuall 3 " not adherent. The 
nodule gradually enlarged and tlie draining hTOph nodes became affected between 
the 2nd and 3rd week after inoculation. The nodule then became softened and 
fluctuating. In rare instances tlie lesion ulcerated through the skin, and with 
the disdiarge of tlie caseous pus the ulcer healed. Usuall 3 '' the subcutaneous le- 
sions became tliorough^v encapsulated in fibrous tissue and remained dormant, 
although they contained living virulent tubercle bacilli of the human t 3 pe even 
1 year after inoculation. In other cases the 3 ’’ resolved and left no trace behind, 
or left a flat area of brouuish pigmented tissue consisting of regressive epithelioid 
cells (4). In one instance the lesion became calcified. In most cases tlie lesion 
was completch’' localized and tlie affection of the l 3 'mph nodes was transitor}’. 
In other instances, small numbers of tubercles with inconspicuous caseous centers 
were found in tlie lung and kidne 3 '. Rarch" one or severr^^ rnoipsulatcd pus 
pockets swarming witli living tubercle bacilli were found i/ . In 1 rabbit 

there was a lesion in tlie ileoce^r containing v rcle bacilli. 

In all these lesions the bacilli we* an type. 
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Contact Tuberculosis in Vaccinated and Normal Rabbits: Protocols 

In Cage 1, 2 normal rabbits and 4 vaccinated rabbits were exposed to tu- 
berculous rabbits. Normal Rabbits. — ^N-1-9 was killed after 373 dzys of exposure. 
The appendix, ileocecal region, and mesenteric nodes were tuberculous. There 
was an extensive tuberculosis of the pleura with pearl formation. The omentum 
was tuberculous. Large encapsulated pus pockets with a moderate number of 
discrete tuberdes were foimd in both lungs. The tracheobronchial hmph nodes 
were not affected. The right kidney was extensively, and the left slightly in- 
volved. N-1-1 was killed after 430 daj’s of exposure to a total of 26 tuberculous 
rabbits. No gross or microscopic tuberculosis could be foimd, nor could tubercu- 
losis be demonstrated by guinea pig inoculation from non-spedfic lesions in the 
lung of this rabbit. 

Vaccinated Rabbits. — 1-5 and 1-4 died with tuberculosis after an exposure of 355 
and 290 days respectivdy. In 1-5 there was no primar\' lesion of \’a conation; in 
1-4 there was a fibrous scar. 1-5 showed tuberculosis of the appendix with ad- 
vanced fibrosis microscopically. The mesenteric nod^ were not grossly affected. 
Caseous nodes were found in the pleura. Both lungs showed a moderate number 
of discrete tubercles, some 10 mm, in diameter, some firmly encapsulated vnth 
crumbly centers. There was a small number of tubercles in the cortex of each 
kidney. The cause of death was an intestinal infection. 1-4 died with tuberculo- 
sis of the appendix and mesenteric nodes, and an e-xtensive discrete and conglo- 
merate tuberculosis consolidating both lungs. The tracheobronchial nodes were 
slightly affected. There were caseous nodes in mediastinum and pericardium. 
The kidne>'S and bone marrow showed an extensive tuberculosis. Intraperitoncal 
injection of the lesions from the lung and pleura of each of these contacts into 2 
normal rabbits caused fatal generalized tuberculosis in 34 to 71 da>*s. 1-5-0 and 
1-5-5, exposed for 139 and 100 days respectively, showed no tuberculosis except at 
the site of vaccination, which contained tubercle bacilli virulent for guinea pigs. 

In Ca^c Zj 5 normal and 4 vaccinated rabbits were exposed. Normal Rahhiis . — 
N-5-2 and N-7-0 each developed a single pulmonarv' tubercle 7 and 5 mm. in di- 
ameter respectively after 92 and 97 daj’s of exposure. Both were extensively 
cascalcd and contained numerous tubercle badUi. The tracheobronchial nodes 
were enlarged in both contacts and in X-7-0 they contained tubercle bacillL 
N-6 died after 210 days of c-xposurc with tuberculosis of the cervical nodes and 
appendix. The mesenteric nodes were free of tuberculosis. The lungs were con- 
solidated by a massive caseous pneumonia. The tracheobronchial nodes v.ctc 
slightly affected. There was tuberculosis of the pleura and kidnc>’ and extensive 
tul>crcuIo5is of the lionc marrow. X-1-0 and X-7-5 showed no tuberculosis after 
an exposure of 320 and 95 da>*s respectively. 

1 ccdr.aicd Ral l:is. — Xonc acquired tuberculosis. I-l-l and 1-5-4 cx;'o?edfor3 10 
anti 128 days respectively, shovved no tuberculosis except at ll:c site o: vaedna- 
lion, 1-1-3 and 1-5-3 exposed for 243 and 129 da %*5 respectively, show^l in ad iiti^'n 
slight pulmonary' lesions. 'These lesions caused slight non 'progressive tuberculo- 
sis 67 and 61 dux's after intraperitoncal inorubtion into normal rabbit^. 
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In Cage 3, 4 normal and 3 vaccinated rabbits were exposed. Normal Rabbits. 
— ^N-6-6 developed a single centrally caseated tubercle 6 mm. in diameter contain- 
ing numerous tubercle bacilli in the lower lobe of the left limg after 109 da 3 ^s of 
exposure. The tracheobronchial nodes were enlarged, N-8 died after 194 days 
of exposure to a total of 12 tuberculous rabbits with consolidation of both lungs by 
extensively caseated discrete tubercles, caseous tuberculosis of the tracheobron- 
chial nodes, but no gross tuberculosis of appendix, mesenteric or cervical nodes. 
The pleura and mediastinum were tuberculous with pearl formation. Miliary tu- 
berculosis was foimd in the omentum. The kidne 3 >'s and bone marrow were mod- 
eratety tuberculous. The disease of respiratory origin in this contact ma 3 '’ be con- 
trasted with the tuberculosis acquired by the enteric route by N-1-8, which was 
killed after 375 days of exposure to a total of 23 tuberculous rabbits. There was 
extensive tuberculosis with ulceration through tlie mucosa in the appendix and 
ileocecal region, extensive caseous tuberculosis with liquefaction of mesenteric 
nodes, miliar 3 ^ tuberculosis of omentum, extensive tuberculosis of pleura and peri- 
cardium with pearl formation, and widespread discrete and conglomerate tubercu- 
losis of the lungs with extensive caseation. The tracheobronchial nodes were 
not affected. The kidne 3 ^s were slightly tuberculous. N-4-7 died after 136 da 3 's 
of exposure, of an intestinal infection. There was no gross tuberculosis. 

Vaccinated Rabbits. — 1-3 and 1-6 developed an enteric infection limited to the 
appendix, ileocecal region, and mesenteric nodes after an exposure of 383 and 242 
da 3 ’’s respectively. Pure cultures obtained from these lesions either directl 3 " or 
after preliminary passage through a guinea pig caused fatal generalized tubercu- 
losis in normal rabbits in 24 to 43 da 3 "s. Both contacts had residual lesions at the 
site of vaccination. 1-4-0 was killed after 191 da 3 ^s of exposure. There was an 
isolated caseous focus 3 mm. in diameter in the ileocecal region. The mesenteric 
nodes were not affected. An isolated caseated tubercle 8 mm. in diameter was 
found in the lower lobe of the right lung. The tracheobronchial l 3 TOph nodes were 
free of tuberculosis. There was extensive tuberculosis of the pleura with pearl 
formation. At the site of subcutaneous inoculation of 1.0 mg. of a human strain 
of tubercle bacillus, A-l-D, there was an encapsulated nodule 15 mm. in diameter. 
A pure culture obtained from this primar 3 ^ lesion caused slight non-progressive 
tuberculosis in rabbits; a pure culture isolated from the lung and pleura caused 
fatal tuberculosis in 34 and 36 da 3 ^s after intravenous inoculation of 0.01 mg. into 
rabbits. 

In Cage 4, 4 normal and 4 vaccinated rabbits were exposed. Norjnal Rabbits. 
— N-7-1 was killed after 98 da 3 ^s of exposure. There was an isolated focus 2 mm. 
in diameter in the ileocecal region and one in the appendix, 1 mm. in diameter. 
Innumerable tubercle bacilli were found in the smear of the lesion in the ileocecal 
region and also in the tuberculous mesenteric nodes. N-9 and N-4-0 died of mas- 
sive, caseous pneumonia vdth caseation of the tracheobronchial nodes after 194 
and 155 da3's of exposure respectively. Both had moderate to extensive tubercu- 
losis of tlie kidneys, and N-4-0 had tuberculosis of cervical and mesenteric nodes 
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and a specific lesion in the right testicle. N-6-1 was killed after 140 da>’s of expo- 
sure. There were two extensively caseated tubercles 7 and 4 mm. in diameter in 
the upper lobe of the left lung. The tracheobronchial nodes were tuberculous. 
There vras beginning tuberculosis of the pleura with pearl formation. 

Vaccinated Rabbits. — ^1-3-9, killed after 182 daj-s of e.xposure, is to be contrasted 
with N-6-1. There were two tubercles in the lower lobe of the right lung, 12 and 5 
mm. in largest diameter, with discrete foci of caseation. The tracheobronchial 
nodes were not affected. There was a moderate tuberculosis of the pleura with 
pearl formation. From the encapsulated subcutaneous abscess at the site of \-ac- 
cination a pure culture of tubercle bacilli of the human t^-pe was isolated. From 
the pulmonaiy lesion a pure culture of the bovine U'pe was obtained after prelimin- 
ary' passage through a rabbit. An essentially similar lesion was found in the lung 
of I-6.A, killed after 56 days of exposure, and a pure culture of the bo'vdne type was 
isolated. 1-1-7 and 1-8 died after 195 and 375 days of exposure respectively. 
Both showed tuberculosis of the appendix and mesenteric nodes, and extensive 
tuberculosis of the pleura and mediastinum, with, in 1-1-7, pearl formation and 
involvement of the pericardium. There Tvas an extensive discrete and conglomer- 
ate tuberculosis of both lungs in these contacts, with involvement of the tracheo- 
bronchial nodes in 1-1-7. The tuberculosis of the kidneys was extensive in both 
cases, with excavation in 1-8. This rabbit also showed tuberculosis of the uterine 
horns, trachea, and knee joint. The cervical nodes and the entire lymphatic 
system of 1-1-7 were extensively affected. The primary' lesion of vaccination 
was calcified in 1-8, and in 1-1-7 there was a subcutaneous encapsulated abscess con- 
taining tubercle bacilli. A pure culture obtained from the lung and pleura of 1-8 
caused fatal tuberculosis in rabbits in 52 and 37 day's. The pulmonary lesion of 
1-1-7 injected intraperitoneally' into 2 rabbits caused fatal tuberculosis in 35 and 44 
days. 

In Cage 5, 3 normal and 4 vaccinated rabbits were exposed. Nortnal RabMts . — 
None of the normal rabbits, N-2-3, X-4-1, and N-1-6, exposed for 53, 307, and 
432 day’s respectively developed tuberculosis, although X-1-6 was exposed to a 
total of 23 tuberculous rabbits. 

\accinatcd Rabbits. — 1-7 died of an unknowm cause after 270 day's of exposure, 
haring a few discrete caseous tubercles in both lungs. A rabbit injected intraperi- 
toncally with these lesions had a single pulmonary' tubercle when killed in 77 days. 
1-2-6 died of pulmonary congestion and edema after 217 days of exposure. There 
were no tuberculous lesions anywhere in the body. 1-9 was killed after 56 days 
of exposure and an encapsulated lesion with central softening 10 mm. in diameter, 
was found in the lower lobe of the right lung. The tradi cobronchia! nodes v.crc 
not affected. A pure culture obtained from the lesion after preliminary' passage 
through a rabbit caused fatal tuberculosis in 27 day’s in 1 rabbit. MO was 
killed after 43/ days of exposure. There were irregular foci in the appendix and 
several nodules in tlic mediastinum, one vdih caseation. The mesenteric nodes 
were free of lul>crculosl:. Pure cultures obtained from the ap;>cndix and the 
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normal rabbits. These 3 contacts had residual primary lesions of vaccination, 
those in 1-1-8 and I-S-2 containing tubercle bacilli. 

Incidence of Contact Tuberculosis 

In the above protocols are given the most significant data for each 
of the 30 normal and 30 vaccinated contacts used in these experiments. 
As is seen there, tuberculosis was acquired by some of the contacts, 
either the normal, the vaccinated, or both, in each of the 8 cages. 
The incidence and course of the acquired disease was not apparently 
different in the respiratory cage. No. 8, in which the contacts were 
separated from the sources of contagion by a fine, wire mesh screen, 
and in the remaining 7 cages, in which the animals were not separ- 
ated. All the contacts are therefore considered together. 

In Table I the significant data and conclusions relative to each of 
these rabbits are summarized. The contacts are listed in the order 
of increasing duration of exposure. To facilitate reference to the pro- 
tocols the number of the cage in which each contact was exposed is 
given. 

Incidence in the Vaccinated as Compared with the Normal Contacts. 
— It can be seen that out of a total of 30 normal rabbits exposed for 
periods varying from 53 to 432 days, with an average exposure of 200, 
and a mean exposure of 155 to 163 days, 22 or 73.3 per cent developed 
tuberculosis. Out of a total of 30 vaccinated rabbits exposed for 
periods varying from 56 to 437 days, with an average exposure of 218 
and a mean exposure of 196 to 217 days, 18 or 60 per cent acquired 
tuberculosis. That the tuberculous lesions in these 18 rabbits were 
caused by bovine type bacilli was demonstrated by the virulence for 
rabbits of pure cultures isolated from them or by fatal generalized 
tuberculosis resulting in from 24 to 47 days, and in one instance in 71 
days, after the direct intraperitoneal inoculation of these lesions into 
other rabbits. In the remaining 12 rabbits, either there were no 
lesions beyond the site of vaccination or there were tuberculous le- 
sions in other parts of the body caused by endogenous spread from 
the primary lesion, as sho^vn by the recovery from them of tubercle 
bacilli of human type. The incidence of acquired tuberculosis among 
these rabbits was thus definitely less, 27 per cent of normal rabbits, 
and 40 per cent of the vaccinated rabbits having escaped infection. 
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TABLE I 

The Incidence and Extent of Acquired Tuberculosis in Normal and Vaccinated 

Rahhits 
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Incidence in Relation to Length of Exposure . — ^Unfortunately the 
tuberculin reaction in the skin of rabbits is not well marked, and 
x-ray examination of the lungs revealed only moderately advanced 
lesions. Hence the time of inception and the exact duration of the 
disease could not be determined. Still sufficient numbers of animals 
either were killed or died at different intervals of time so that a definite 
relation could be observed between the duration of exposure and the 
incidence of contact tuberculosis. If a rabbit failed to develop tu- 
berculosis at the end of a certain interval it was supposed that it had 
not had the disease at a previous interval. For example, Rabbits 
N-4:-l, N-4-0, N-1-1, and N-1-6, showing no evidence of tuberculosis 
when they were killed after 307 to 432 days of exposure, presumably 
had none after 100 or after 200 days of exposure, and in Table II they 
are included in each of the thr..e^intervals. 

As can be seen from Table II, 33 per cent of normal rabbits acquired 
tuberculosis within the first 100 days of exposure. 66 per cent of 
normal rabbits acquired tuberculosis when exposed from 101 to 200 
days. Further exposure of normal rabbits did not increase the in- 
cidence of the disease. Among the vaccinated animals 20 per cent 
acquired tuberculosis within the first 100 days of exposure. Of vac- 
cinated rabbits exposed for from 101 to 200 days 33 per cent developed 
tuberculosis as compared with twice that percentage of normal rab- 
bits similarly exposed. However further exposure of the vaccinated 
rabbits resulted in a conspicuous increase in the incidence of the dis- 
ease. It is noteworthy that the total incidence of tuberculosis among 
normal contacts exposed for a period up to 200 days was 63.6 per cent 
whereas only about half as many vaccinated contacts, 36.8 per cent, 
acquired the disease. 

Incidence in Relation to the Number of Sources of Contagion . — 
It is evident that the length of exposure would be an exact measure 
of the quantity of tubercle bacilli to which the contacts were exposed 
if the elimination of baciUi were constant tliroughout the disease. 
Since, however, the}’’ are expelled chiefly in the later stages, it is signifi- 
cant that the incidence of acquired tuberculosis increased with an 
increase in the number of animals to which the contacts were exposed, 
as the sources of contagion that died of tuberculosis were replaced. 

Vaccinated rabbits escaped infection after exposure to increasing 
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numbers of tuberculous rabbits to a greater degree than did normal 
animals, but again only up to a certain point. For although 3 normal 
rabbits, N-1-0, N-1-1, and 2s-l-6, escaped infection completely after 
having been exposed to a total of from 20 to 26 tuberculous rabbits 
during a period of 320 to 432 days, none of the 7 vaccinated contacts 
listed last in Table I escaped exogenous infection after having been 
exposed to a total of from 21 to 23 rabbits for a period of 342 to 437 
days. Thus the contrast observed between the vaccinated and the 
normal contacts in the incidence of contagion in relation to length of 
exposure holds equally in relation to the number of tuberculous rabbits 
to which the contacts were exposed. 

TABLE n 

The Incidence of Coiiiact Tuberculosis in Normal and Vaccinated Rabbits in Relation 
to the Duration of Exposure 


Duration of erpesnre 



7 wks. to 
100 days 

101 to 200 
da>-s 

7 wks* to 
200 dai-s 

201 to 437 
da>-s 

7 wts. to 
437 daj*s 

Normal 

c 

c* 

*e 

g 

c 

« 

c 

u 

*: 

> 

Normal 

€S 

a 

L/ 

> 

Normal 

z 

c 

u 

u 

tt 

> 

ti 

c 

o 

o 

c 

V 

ts 
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Ko. exposed 

12 

15 

15 

12 

22 

19 

12 

15 

30 

30 

Xo. developing tuberculosis 

4 

3 ! 

10 

4 ! 

14 

7 

8 

11 

22 

18 

Percentage incidence of tuberculosis.. 

33.3 


66.6 

33.3 

63.6 

36.8 

66.6 

73.3 

73,3 

60.0 


Iticidcttcc in Relation to the Primary Lesion . — ^Xo constant relation- 
ship was noted between the extent of the primarj’ lesion of vaccination 
and the incidence of acquired tuberculosis. Some vaccinated rabbits 
developed fatal tuberculosis in the presence of extensive local primarj' 
lesions containing living tubercle bacilli, c.g. 1-2, 1-3-2, and I-I-7, and 
other rabbits with slight or no residual primaiy lesions resisted infec- 
tion for a long time, c.g. I-l-l, 1-1-5, and 1-2-6. Nor was there any 
constant relationship between the incidence of the disease and the 
interval elapsing between vaccination and c.xposure; for c.xamplc, 
1-5-2 died from generalized tuberculosis after having been c.xposcd, 35 
d.ys after vaccination, for 196 days, and Rabbit 1-4-0 developed only 
slight tuberculosis after having been c-xiwsctl, 114 days after vaedna”- 
tion, for 191 days. 





















318 


EPIDEMIOLOGY OE TUBERCULOSIS 


Pori<il of Entry and the Acquired Primary Lesion 

The route of infection in each of the 22 normal and 18 vaccinated 
contacts that acquired tuberculosis is given in Table I; the detailed 
facts upon which these conclusions were based are recorded in the 
protocols. In 18 of the 40 cases the location of the acquired primary 
lesion could be determined with certainty. In the remaining 22 cases 
the diagnosis of a respiratory infection was based upon observation of 
tuberculosis of the lungs with or without tuberculosis of the tracheo- 
bronchial l 3 miph nodes, in the absence of any significant lesions in the 
intestines, the mesenteric and cervical lymph nodes. When tubercu- 
losis of the intestines was found with or without tuberculosis of the 
mesenteric l 3 miph nodes, in the absence of significant tuberculosis of 


■ TABLE ni 

The Portal of Entry in Normal and Vaccinated Rabbits with Tuberculosis Acquired 

by Contact 


Respiratory only j 

Respiratory and alimentary 

Alimcntar>’ onlj* 

Normal 

Vaccinated 

Normal 

Vaccinated 

Normal 

Vaccinated 

No. 

Per 

cent 

i 

No. 

Per 

cent 

No. 

Per 

cent 

No. 

Per 

cent 

No. 

1 

Per 

cent 

No. 1 

1. J 

Per 

cent 

14 

63.6 

8 

44.4 

3 

13.6 

1 

5.5 

1 

i 5 

22.7 

1 

9 

50.0 


the tracheobronchial nodes, the diagnosis of an enteric infection was 
made. If the cervical lymph nodes were extensively affected the in- 
fection was considered to be of alimentary origin by way of the 
pharynx. When lesions were found simultaneous!)'’ in the traclieo- 
bronchial and mesenteric lymph nodes the diagnosis of a combined 
alimentary and respiratory infection was made. 

Table III shows the marked difference in the route of acquired in- 
fection in the normal as compared with the vaccinated animals. In 
the normal animals the respiratory route was involved either alone or 
together with the alimentary tract in 17 out of the 22 cases, or in 77.2 
per cent. In the vaccinated animal the alimentary route of infection 
was involved alone in 9 out of the 18 cases or in 50 per cent. It is 
noteworthy that although 19 normal rabbits had free access to ali- 
mentary contagion, being exposed in cages without the wire screen 
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partition, nevertheless 12, or 63 per cent, acquired a respiratory 
infection. 

In the rabbits in ^vhich the seat of the primary' acquired lesion could be deter- 
mined with certainty the distribution was as follows: In 11 of these the lesion was 
in the lung, 9 sho^^ing single, almost completely caseated tubercles, ranging in 
size from 4 to 12 mm. These were foimd in all parts of both lungs but most fre- 
quently in the lower lobe of the right lung. Each of 2 rabbits had 2 primaiy le- 
sions in the lungs. These lesions in pre\dously normal rabbits were associated 
with a marked enlargement and caseation of the tracheobronchial h-mph nodes. 
1 vaccinated rabbit had a single primaiy^ lesion in the Ixmg and another in the ileo- 
cecal region, with no involvement of either the tracheobronchial or mesenteric 
l>miph nodes. 5 rabbits had multiple primary lesions in the appendix and ileoce- 
cal region. 1 vaccinated rabbit, 1-3, showed tuberculosis of the mesenteric nodes 
without any macroscopic lesions in the intestines. Thus the primar>’ lesion ac- 
quired by the respiratory route was usually single in contrast to the multiple pri- 
mary lesions acquired by the intestinal route. 

Exlent and Character of the Acquired Disease 

A glance at Table I wdll show that the acquired disease was much 
more extensive in the previously normal animals than in the vacci- 
nated animals. This appeared not onl}’' in the extent of involvement 
of the most susceptible organ, the lung, in which massive consolida- 
tion occurred 9 times in the normal contacts and onl}^ once in the 
vaccinated animals, but also in the dissemination to various other 
organs. Thus the kidney was affected in 14 and the bone marrow' in 
4 of the 22 normal contacts that acquired tuberculosis, while the kidney 
was affected in 7 and the bone marrow in 1 of the 18 vaccinated con- 
tacts that acquired tuberculosis. 

Usually the acquired primary' lesion in the lung was completely' 
caseated in the normal contacts, and less extensively cascated in the 
vaccinated rabbits. Irrespective of the portal of entry' the acquired 
tuberculosis w'as chiefly seated in the lung, and it was the extent of the 
disease in this organ that killed the contacts, w'hethcr they were normal 
or vaccinated, whether they acquired the infection by the alimentary' 
or respiratorv' tracts. In the normal contacts the disease was char- 
acterized by a massive caseous pneumonia, as obscrv'c<l in 9 out of 
the 11 normal contacts that died wdth tuberculosis (Fig. 1). In the 
vaccinated animals the pulmonary lesion was usually a disseminated 
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discrete tuberculosis (Fig. 2). In only 2 vaccinated contacts, 1-1-5 
and 1-1-8, was there caseous pneumonia. It is noteworthy that both 
these rabbits had been given the smallest vaccinating dose and that 
in 1-1-5 no lesion was observed under the skin before exposure was be- 
gun, nor was any subcutaneous lesion of primary infection found at 
autopsy. 

In normal animals the lymph nodes draining the site of the acquired 
primary infection, whether in the respiratory or in the alimentary 
tract, were affected in each of the 22 that developed the disease. In 
vaccinated animals, on the contrary, these nodes were involved in only 
6 out of 18 rabbits. It is noteworthy that in only 1 of the 8 vaccinated 
animals that acquired a respiratory infection were the tracheobron- 
chial lymph nodes affected; namely, in 1-1-5 cited above, which be- 
haved in other respects also like a previously normal animal. In 5 
out of the 9 instances of contact tuberculosis acquired by vaccinated 
rabbits by the enteric route the mesenteric lymph nodes were tubercu- 
lous. This is to be correlated with the observation that the acquired 
primary lesion in the lung is usually single whereas the primary lesion 
in the intestines is usually multiple. 

It has been noted that the intestines were more frequently the portal 
of entry in the vaccinated than in the normal contacts. In accord 
with this is the observation that the ileocecal region and the appendix 
in vaccinated rabbits were more frequently diseased than in the normal 
contacts. In normal contacts significant tuberculosis of the intes- 
tines and mesenteric lymph nodes was rarely found in the presence of 
tuberculosis of the lung and tracheobronchial lymph nodes, although 
miliary tubercles were sometimes found in the intestines in associa- 
tion with a generally disseminated disease. 

The route of infection influenced the course of the disease. This 
is clearly seen in the normal contacts that survived exposure for the 
longest period, such as N-2-2, N-1-9, and N-1-8. The extent of the 
disease acquired by the enteric route in these rabbits was much less 
after an exposure of 354 to 375 days than was the extent of tuberculo- 
sis of respiratory’' origin in similar contacts that died after an exposure 
as short as 122 days. In man, too, tuberculosis of alimentary’' origin 
is definitely more chronic in nature than the respiratory disease (5). 

A lesion that is rarely seen in rabbits artificially inoculated wth 
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bovine type tubercle bacilli was found in the majority of contacts both 
normal and vaccinated. This is a tuberculosis of the pleura, which 
frequently simidates very closely the perlsucht of cattle, forming no- 
dules, or pearls, which are often extensively caseated and often sus- 
pended by pedicles from the parietal or ^dsce^al pleura. When pleu- 
ral involvement does occur in inoculated rabbits, it is seen only after a 
long continued chronic disease. In rabbits accquiring the disease by 
contact this lesion occurs soon after the primary lesion is established, 
whether in the lirng or in the intestinal tract. The affection of the 
pleura may at times be extensive, compressing the limgs in the thoracic 
cavity. A further distinction of the natural from the artificial dis- 
ease is the absence of acquired tuberculosis in the liver and spleen, 
organs that are frequently affected after artificial inoculation. In only 
1 of the 40 contacts that acquired tuberculosis, N-2-2, were there a 
few tubercles in the spleen. 

Microscopically the lesion in the lung of previously normal animals is character- 
ized by widespread difiuse pneumonic and interstitial accumulations of large 
mononuclear and young epithelioid cells. These soon undergo massive caseation, 
leaving a few intact mature epithelioid cells. Bacilli are found in tremendous 
numbers during the earlier stages of the process. Mononuclears continue to accu- 
mulate about the adv'ancing part of the lesion, and mitosb of these cells is unabated. 
The unhindered extension of the caseous process leads to hemorrhage and ulcera- 
tion into the bronchi, resulting in rapid spread of the lesion to uninvolved areas of 
the lung. Discrete, mature, epithelioid cell tubercles arc rare. There is little or 
no accumulation of KTuphoc^-tes about the tuberculous fod, and fibrous tissue 
formation is abortive, soon succumbing to the advancing caseous process. Vast 
hreas of caseous tissue result, in which the outlines of the original alveolar walls 
indicate the essentially pneumonic origin of the caseous process. 

In vaccinated animals discrete tubcrdcs are formed, characterized by abundant 
intact epithdioid and giant cells. Tubercle badlli are found in verv’ small num- 
bers. Caseation is much less cxtcnsiv'c. LvTuphocv'tcs accumulate about the 
tubcrdcs, and there is pronounced formation of granulation tissue. Many of the 
tubcrdcs arc resolving. How* ever, despite this dcfinitdy healing process, charac- 
teristic of rdnfcclion (6), the older caseous fod undergo softening, and tremendous 
numbers of tuberde badlli accumulate in these areas, whence they invade the 
dreubtion and cause the slow extension of the disease, chiefly in the lung, kidney, 
and pleura. 


Morlaliiy 

Out of the 30 normal contacts 1 1 diet! of tubcrculo.ds after an aver- 
age duration of c.vpoJurc of 19S day?, with a range of from 122 to 317 
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days. Out of 30 vaccinated contacts, 7 died of tuberculosis after an 
average exposure of 286 days, with a range of from 195 to 375 days. 
Vaccinated rabbits with fatal tuberculosis survived 88 days, or nearly 
3 months, longer than the non-vaccinated contacts that died with the 
disease. The mortality from tuberculosis in the vaccinated contacts 
was therefore 13.3 per cent less than among the normal contacts. 
Thus the difference between the two groups in mortality is of the same 
magnitude as in the incidence of the disease. 

DISCUSSION 

Experiments are described in which 73 per cent of 30 normal rabbits 
exposed for about 1 year to cage mates infected with the bovine type 
tubercle bacillus acquired either a respiratory or an alimentary in- 
fection, which was fatal in 50 per cent of the cases. The effect upon 
contact tuberculosis of a localized non-progressive infection previously 
induced by vaccination with living tubercle bacilli of the human type, 
was studied in 30 rabbits exposed under identical conditions at the 
same time and in the same cages with the normal animals. In the 
large majority of instances the human type bacilli persisted with their 
characteristic virulence at the site of inoculation throughout the period 
of exposure. It was found that vaccination reduced the incidence 
and the mortality of the exogenously acquired tuberculosis, affected 
the route of infection, changed the extent and pathological character 
of the disease, and retarded its progress. 

It was noted that the incidence in normal animals increased with 
increasing length of exposure during the first 200 days, and that fur- 
ther exposure did not increase the incidence of the disease among 
them. Essentially the same observation was made in a previous study 
of air-bome infection in guinea pigs, in which the incidence of acquired 
tuberculosis increased with the duration of exposure up to 2 years, 
but did not increase beyond that period (2).'* This may be attributed 
to factors in natural resistance (7). On the other hand although it is 
evident that the vaccinated animals were protected during the first 
200 days of exposure, for only 36.8 per cent of them developed tubercu- 
losis as compared with 63.3 per cent of the normal animals, further 
exposure markedly increased the incidence of the disease in this group. 

< Lurie (2), 1930, page 743. 
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tection against infection. Nevertheless 60 per cent of the vaccinated 
animals acquired tuberculosis. Their disease was unequivocally 
shown to be of exogenous origin, for both the human type bacillus of 
the primary lesion, and the bovine type bacillus of reinfection could 
be isolated in pure culture from the same rabbit. Experimental proof 
is thus given that exogenous reinfection, acquired by the respiratorj’- or 
the alimentary route, occurs in animals harboring a primary lesion, 
Romer’s results with cattle are not conclusive in this respect, because 
the lesions due to vaccination were ephemeral, and in the large major- 
ity of instances they appeared completely healed at autopsy, and the 
human type tubercle bacilli previously contained in them had disap- 
peared (15). 

In applying these observations to adult type tuberculosis of man, 
it must be pointed out that the experimental animals were undoubtedly 
exposed to larger quantities of bacilli than are available to human be- 
ings under natural conditions. Nevertheless the mode of infection 
was in general the same; that is, continuous, prolonged, intimate 
contact with a source or sources of contagion, intensified by crowding. 
Moreover the disease acquired by these rabbits had many important 
points of similarity to tuberculous disease in white adults. Both are 
characterized by the failure of development of tuberculosis of the 
lymph nodes draining the portal of entry, the rarity of spreading le- 
sions of caseous bronchopneumonia, and the limitation of hematogen- 
ous spread. On the other hand, although the disease was chiefly pul- 
monary, extensive cavity formation did not occur in these rabbits. 
It is impossible to say with certainty that the primary lesion in the 
vaccinated rabbits caused by the baciUus of the human type affords 
them a protection against the bovine type bacillus comparable to that 
afforded man by lesions acquired in childhood against reinfection with 
the human type bacillus. However there are rare but authentic in- 
stances in man of both the human and bovine tj'pe baciUus in the same 
person (16) and some parallel is presented in recent reports by many 
observers of bovine t}q3e tubercle bacilli isolated from human beings 
with pulmonary tuberculosis of reinfection, that is, of the adult type 

(17). 

It has been observed in normal animals that the disease acquired by 
the respiratory route was more quickly fatal than disease acquired by 
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the alimentary route. It is noteworthy that of the normal animals 
that survived the longest exposure and therefore had the greater 
natural resistance^ those that finally acquired infection acquired it by 
way of the intestines. Furthermore it is interesting to find that 
alimentary infection was more common among the vaccinated animals 
whereas the respiratory infection was more common among the normal 
animals. 

It is well known that as much as 1000 times the amount of bacilli 
is required to infect an animal through the alimentarj^ tract as through 
the air passages. In 7 of the cages bacilli were simultaneously avail- 
able for entry by both routes, and the quantity of bacilli that reached 
the intestines was greater than the quantity that penetrated to the 
alveoli, as is indicated by the following e\ddence. (1) The primary 
acquired lesion in the lung was usually single, as in man, but the pri- 
rmry lesion in the intestines was usually multiple. (2) The lymph 
nodes draining the acquired primary'' lesion in the lung were involved 
in only 1 of 8 vaccinated animals, whereas the mesenteric lymph 
nodes draining the primary lesion in the intestines of vaccinated rab- 
bits were much more frequently involved. Nevertheless, owing to 
the greater vulnerability^ of the lung, a large percentage of normal 
rabbits earty acquired a respiratory disease, which, as is well kno^^m, 
tends to inhibit the engrafting of the disease by’’ the alimentary^ route. 
Normal rabbits of high natural resistance apparently destroy^ed the 
small numbers of bacilli that reached the lung only^ to succumb later 
to the cumulative larger dosage of bacilli that were absorbed in the 
lyunph follicles of the appendix and ileocecal region. The same con- 
siderations explain the greater incidence of alimentary’’ infection among 
the vaccinated rabbits. 

Tlicsc experiments emphasize anew the important role of native 
factors in resistance against tuberculosis, recently stressed by^ Lange 
(IS). 27 per cent of normal rabbits completely escaped disease; 40 
per cent of vaccinated animals escaped disease. The increased re- 
sistance afforded rabbits by vaccination with living \nrulcnt tubercle 
bacilli of the human iype enhanced their natural resistance against 
undoubtedly large quantities of bacilli, but could save only an addi- 
tional 13 per cent of them from fatal tuberculosis of exogenous origin, 
acquired by the natural mode of contagion. A study of the heredi- 
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tary factors in natural resistance by the method described is now in 
progress. 

SUMMARY 

73 per cent of normal rabbits exposed for about 1 year to cage mates 
infected with tubercle bacilli of bovine type acquired a respiratory or 
alimentary tuberculosis, whicli was fatal in 50 per cent of the cases. 
63.6 per cent developed tuberculosis during the first 6 months. 

Of rabbits vaccinated with tubercle bacilli of human type and ex- 
posed in the same cages at the same time only 36.8 per cent acquired 
tuberculosis during the first 6 months. Later this resistance waned, 
and by the end of the year altogether 60 per cent had developed tu- 
berculosis, of which 38 per cent succumbed. 

The disease in the vaccinated rabbits was shoAvn to be of exogenous 
origin by the isolation in pure culture from the same rabbit of the 
human type bacillus from the primary infection, and of the bovine 
type bacillus from the naturally acquired lesion. 

The vaccination reduced the incidence, extent, and mortality of 
tlie disease, affected the route of infection, changed its pathological 
character, and retarded its progress. The disease acquired by vac- 
cinated rabbits shared many cliaracteristics with adult type tuberculo- 
sis in man. 

It is suggested that this method may be used with relative ease in 
studying many phases of naturally acquired tuberculosis in small 
laboratory animals. 
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EXPLAXATIOX OF PLATE 16 

Fig. 1. The organs of normal Rabbit N-4-2, which died after 125 days of expo- 
sure in Cage 6 of massive caseous pneumonia. Note the extent of the disease in 
the kidney. The route of infection was both respiratory and alimentary. 

Fig. 2. The organs of ^accinated Rabbit 1-2, which died after 240 da^’s of ex- 
posure in the same cage. The encapstilated subcutaneous lesion of vaccination 
with virulent human t>’pe tuberde badlli is depicted in the upper right hand 
comer. The ulcer in the ileocecal junction is shown between the liver and kidney, 
in which there is a slight tuberculous lesion. Tuberculous nodules are shown in 
the mediastinum. The route of infection was enteric. 
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discussed by Lowenstein (8) in 1913. Dreyer (9) treated the organisms first with 
formalin, then extracted with acetone while heating, and repeated these procedures 
until the bacteria were no longer acid-fast. The diaplyte vaccine thus prepared 
was first thought to be quite efficacious and was employed clinically, as well as 
experimentally. Bronfenbrenner and Straub (10), and Douglas, Eddington, and 
Simson (11), however, found no beneficial effect from vaccination by Dreyer’s 
method. 

The vaccine used in the present experiments was prepared in the 
following manner. 

Bovine tubercle bacilli were grown on Long*s synthetic media for 3 weeks. To 
the bacilli, after they w^ere harvested, equal parts of ether and 95 per cent alcohol 
were added. The mixture of ether, alcohol, and bacilli was saturated with COa 
and allowed to stand with casual shaking for 4 months and 22 da^^s. The alcohol- 
ether mixture was then decanted, the organisms were dried in the air, and ground 
for 48 hours in a ball mill. This fine powder was prepared by the Mulford Labora- 
tories, Sharp and Dohme, Glenolden, Pennsylvania and was obtained through the 
courtesy of Dr. John Reichel. It contained a moderate number of intact bacilli, 
some of which retained their acid fastness. No viable tubercle bacilli could be 
demonstrated by cultures or inoculation of animals. This powder was ground 
thoroughly in a mortar with sterile 0.9 per cent saline, so that 1 cc. of the final 
suspension represented 0.2 mg. of the partial defatted organisms. 

EXPERIMENTAL 

Thirty rabbits were used in the experiment. Total and differential counts of 
the blood cells were made before any experimental procedure was begun. The 
differential counts were made by the supravital method. The weight of each 
animal was determined. After an adequate preliminary study of the blood had 
been made, ten of the animals were vaccinated with the partially defatted bacilli 
described above. Injections were done every 3rd day until each animal had seven 
injections. The volume of the suspension was in each instance 1 cc. At the time 
of the first injection each animal received 0.1 mg. of the partially defatted bacilli. 
The amount of each subsequent injection was 0.2 mg., so that each animal received 
a total of 1.3 mg. Half of the animals were vaccinated subcutaneously; the others 
intravenously. Blood studies were continued during and after the period of 
vaccination. 3 months and 8 days following the last injection of vaccine, the test 
and their control animals were inoculated intravenously with 0.1 mg. (moist weight) 
of a 16 day old subculture of bovine tubercle bacilli, Strain B-1. The animals 
were weighed and their blood cells were counted at irregular interv^als from the time 
of inoculation until death. An autopsy was done on each animal and sun.x>'S 
were made of the macroscopic and microscopic patholog>" with special reference to 
the extent, distribution, and character of the lesions. 
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EEStJLTS 

One vaccinated animal died 2 days following the last subcutaneous 
injection of the vaccine. From the autopsy, the fixed tissues, and 
from bacterial stains, it was found that the animal had a non-tubercu- 
lous pneumonia and empyema. In addition, one intravenously vac- 
cinated animal was killed 15 days after the seventh injection for a 
study of the reaction to the defatted tubercle bacilli. The sections of 
limg from this animal showed numerous small masses of epithelioid 
cells surrounded by lymphocytes and a few giant cells, mostly of the 
foreign body type. The lesions were regressing, as many of the 
epithelioid cells showed evidence of degeneration. Tiny foci of 
caseation were present in some of the tubercles. A small number of 
rosette giant cells were seen also in the liver and spleen. The bone 
marrows were depleted and showed many abnormally young ery- 
throid and myeloid cells. The latter obser\"ation was of interest in 
view of the changes in the blood cells due to the vaccinations. 

Each of the animals vaccinated subcutaneoush" (in the groin) 
exhibited typical cold abscesses at the site of these vaccinations. In 
some instances these abscesses ruptured; in aU instances the abscess 
or ulcer w’as healed at the time of inoculation vdth Ihdng tubercle 
bacilli. 

Analyses of the blood counts of the vaccinated rabbits in the interv’al 
between vaccination and inoculation showed a most interesting 
sequence of events. All of the vaccinated animals developed an ane- 
mia and a leucopenia similar to that described by Sabin, Doan, and 
Cunningham (12), and by Sabin and Doan (13). The fall in total red 
and total white cells began during the vaccination period and con- 
tinued 10 days after the last injection, after which there was a gradual 
return to values slightly higher than normal. The average total fall 
in red blood cells was about 1.4 millions (Chart 1); of the white cells 
2,800 cells (Chart 2). Upon recovery the average white blood cell 
counts reached and were maintained at a level 2,500 cells higher than 
that existing before vaccination. From Charts 3 and 4 it will be seen 
that this overcompensation was due in part to higher values for 
granulocytes, but principally to a well marked l\Tnphoc}"tosis. Chart 
4 also shows that the values for hTnphocytes were maintained through- 
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out the course of the disease at a level very significantly above tliat of 
the controls. The other types of white blood cells showed no signifi- 
cant difference from the controls during the postinoculation period. 
The partial^ defatted tubercle bacillus vaccine therefore contained 
the factors present in living bacilli which cause the anemia and 
leucopenia. In addition, there was the capacity to cause lymphocy- 
tosis that has been shown by Thomas to occur after the intravenous 
inoculation of rabbits with living tubercle baciUi (14, Fig. 6). In the 
present instance this lymphocytosis was sustained for a prolonged 
period. 

The animals vaccinated with the partially defatted tubercle bacilli 
showed a very definite increase in resistance after inoculation with 
virulent living organisms. The average survival of the control animals 
was 167 days, while that for the vaccinated animals was 249 days — 
an increase of about 48 per cent. Moreover, tlie average survival time 
of the animals vaccinated intravenously was 319 days — an increase 
of 90 per cent above that for the controls. This was particularly 
significant in that the only intravenously inoculated animal whiclr 
died under 100 days suffered a complicating non-tuberculous encepha- 
litis (14). On Chart 5 is recorded the incidence of deaths in the 
vaccinated and control groups, by intervals of 15 days. This chart 
also shows the average survival of the two groups of animals. 

The study of the lesions in the vaccinated and control animals 
showed that the former had somewhat fewer and less extensive lesions 
than the controls. Careful analysis with particular attention to the 
phase of the disease in which the animals died showed that this 
difference was not due to the diphasic nature of the disease (14). 
The greatest differences in extent and incidence of lesions were noted 
in the lymph nodes and bone marrow. In the vaccinated rabbits, 
only 10 of 51 lymph nodes were tuberculous (19.6 per cent). In the 
controls, 51 of IIS lymph nodes were tuberculous (42 per cent). In 
the vaccinated animals, 6 of 23 bone marrows (26 per cent) were 
tuberculous, whereas in the controls, 25 of 54 marrows exhibited the 
lesions (46 per cent). Furthermore, from Table I it will be seen that 
the vaccinated animals djnng in the second 100 days of the disease 
showed no bone marrow or Ijunphadenoid tuberculosis, while lesions 
were common in the controls at this stage. Since bone marrow and 
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lymph node lesions which occur after the 3rd month of the disease may 
be considered as metastatic (13), often arising from vascular lesions in 
remote parts of the body (15), it would seem that the power to localize 
the lesions was enhanced in these vaccinated animals. However, this 
power to localize the lesions was by no means absolute, as animals 
which died later in the disease showed numerous metastatic foci of 
tuberculosis. 



30 50 90 120 150 160 210 240 270 300 330 350 330 420 450 430 5i0 540 570 600 

Days 


Chart 5. Incidence of deaths in the \’accmated and control groups in each 15 
day period of the disease and the average sur\'i\’al time of the two groups in da>'s. 

It may be well to mention at this point that the vascular lesions 
referred to above, and pre\dously described as occurring in the acute 
phase of the disease (15), were by no means limited to that phase. In 
the present c.vpcriments venous thrombi were seen in twelve animals — 
in one instance as late as 49S days after inoculation. These lesions 
were seen to occur either by direct extension of tubercles through the 
wall of a vein or by obstruction of l\Tnphatic vessels by epithelioid 
cells and subsequent extension through the vein wall. Such vascular 
lesions were invariably present in those animals living longer than 3 
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months which showed tubercles in the bone marrows and peripheral 
lymph nodes. 

Since Petroff (6) had shown that heat-killed tubercle bacilli render 
guinea pigs sensitive to tuberculin, it was decided to determine 
whether the partially defatted organisms possess this property. 
Accordingly, twelve non-tuberculin-reacting guinea pigs were divided 
into six pairs of two. One pair received a single intraperitoneal injec- 
tion of 2.5 mg. of the defatted tubercle bacilli (human Strain H-37), 
one pair received two injections, and the other pair received three 
injections, each spaced by intervals of 5 days. The remaining six 


TABLE I 

Incidence of Tuberculous Lesions in Lymph Nodes and’ Bone Marrows of the Vacci- 
nated and Control Animals Dying at Various Stages of the Disease 
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No. sections 

8 

23 

20 

60 

23 

35 

No, tuberculous 

4 

13 
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30 
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Per cent tuberculous 

50 

56.5 
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50 

26 

23 

Bone marrow 







No. sections 

5 

11 

9 

28 

9 

15 

No. tuberculous 

1 

5 

0 

16 

5 

4 

Per cent tuberculous 

20 

45 

0 

57 

55 

27 


guinea pigs each received similar injections of heat-killed human 
tubercle bacilli. 28 days following the first injections, all the guinea 
pigs were tested with 0.1 mg. tuberculoprotein MA-100 intracutane- 
ously. All tests were definitely positive. These were repeated 33 
days later and were again positive, some more strongly than at the 
time of the first test. It is clear then that the defatted, as well as 
the heat-killed, tubercle bacilli can induce cutaneous hypersensitive- 
ness to tuberculoprotein. Moreover, a single injection of 2.5 mg. of 
either is sufficient to sensitize. 

The prophylactic value of the defatted tubercle bacillus vaccine is 
being studied more extensively at the present time. 
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SUMMARY 

1. A vaccine prepared from partially defatted bovine tubercle 
bacilli influenced favorably the survival time after inoculation vdth 
living virulent bovine tubercle bacilli. 

2. Accompanying this increased resistance was a sustained lympho- 
cytosis in the vaccinated animals. 

3. The vaccine induced a transitory anemia and leucopenia. 

4. A similar preparation of partially defatted human tubercle ba- 
cilli possessed the power to sensitize guinea pigs to tuberculo-protein. 
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STUDIES ON MENINGOCOCCUS INFECTION 

in. The Antigenic Compeex oe the jMeningococcus— a Type- 
Specific Substance 

By GEOFFREY RAKE, M.B., B.S., akd HENRY W. SCHERP, Ph.D. 

(From the Laboratories of The RocheJdJcr Ifjsiitute for Medical Research) 
(Received for publication, May 23, 1933) 

In the two preceding papers, it has been shown that freshly isolated 
strains of meningococcus differ not inconsiderably from those strains 
maintained in the laboratory on artificial media over long periods, 
and known as stock strains. Amongst the observations which have 
been recorded is the ability of fresh strains to evoke the production of 
precipitin-containing sera (1) which will react specifically with the 
type-specific substances occurring in these same fresh strains (2). 
This and other related observations pointing to the probability that 
the meningococcus has an antigenic complex comparable, in its essen- 
tials, to that described for other organisms — especially those of the non- 
encapsulated group (3) — are described in some detail in this and the 
following paper which deal with the isolation and analysis of some of 
the antigenic components. 

That precipitation reactions between soluble extracts of the meningococcus and 
antimcningococcal sera occur and are of some importance diagnostically is no 
new obsen-ation. As long ago as 1906, Bruckner and Cristcanu (4) showed that, 
while extracts in 0.75 per cent NaCl are but feeble precipitinogens, extracts of 
meningococci prepared in 0.15 per cent XaOH give good precipitates on the addi- 
tion of antimcningococcal scrum, but not with normal horse serum. They showed, 
moreover, that the meningococcal extract precipitates with antigonococcal serum 
and Uiat the same cross-precipitation occurs when an allialinc extract of gonococci 
is set up ^^dth antimcningococcal and antigonococcal sera. Doptcr and Koch 
(5) confumed these results and introduced the conception of co-prccipitins to 
account for the cross-reactions. They showed that vohen the antimeningococcal 
scrum is absorbed with v>*holc meningococci both the specific meningococcus pre- 
cipitins and abo the group prccipitins, which react with the gonococcus extract, 
arc remove^!; on the other hand, when the scrum b absorbed with whole gonococci, 
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only the group precipitins are removed and the absorbed serum will still react with 
the meningococcus extract. In the same paper they showed that the reverse is 
true and that whole gonococci remove both specific and group precipitins from 
antigonococcal serum, while whole meningococci remove onl}^ the group precipi- 
tins. In a subsequent paper (6), Dopter extended these observations. He stated 
that precipitating sera can be obtained b}’' means of intravenous injection of either 
living organisms or meningococcus extract, and tliat the former are often the more 
efficacious. The titre obtained varies vdth the animal immunized and the strain 
used for vaccination, and is not always highest when a readily agglutinable strain 
is used. The precipitin usually parallels the agglutinin titre, but tliis is not in- 
variably the case. He showed that cross-precipitation of antimeningococcal serum, 
often in high dilution, occurs vdth all members of the Gram-negative phar}mgeal 
micrococcus group but that, as is the case with tlae gonococcus, the cross-reaction 
is due to the presence of group precipitins which can be removed by absorption 
with any member of the group, while tlae meningococcus alone can remove tlie 
specific antibodies from the serum. He pointed out that precipitation occurs even 
at room temperature. Still later, Dopter (7) showed that, in general, the extract 
of each t3’pe (A, B, C and D) reacts only with its homologous antiserum. He 
found, however, not infrequent exceptions in which cross-precipitation occurred, 
though the titre in such cases is higher in homologous than in heterologous sera. 
Absorption of anti-A serum with either Type A organisms or extract removed the 
homologous precipitins and the same is true for the absorption of other sera 
b}" their homologous strains. 

Zinsser and Parker (8) obtained a residue antigen from the meningococcus by 
alkaline extraction of young and old broth cultures. Przesmjxki, in a brief com- 
munication (9), showed that specific residue antigens can be obtained for each of 
tlae four types b}^ precipitation wdth five volumes of absolute alcohol. He found 
that these specific antigens react most strongty vdtli their homologous antisera, 
but do show cross-precipitation with heterologous sera at lower titre — results 
which correspond closety with tlaose of Dopter. Przesm>xki made but few tests 
and himself stated that no definite conclusions could be draa\Ti from his results. 
Recently Zozayn (10) has studied potysaccharide and protein fractions obtained 
from the different types of meningococci and compared them with fractions ob- 
tained from pneumococci and Gram-negative cocci. The polysaccharide is ob- 
tained from alkaline extracts of the organisms b}'' precipitation with four to five 
volumes of cth^d alcohol, while the nucleoprotein is isolated by 10 per cent acetic 
acid precipitation of a water}' solution of organisms which have been frozen and 
thawed. He found cross-precipitation of the polysaccharides of meningococcus, 
gonococcus and ^^icrococcus catarrhal is vath pohwalent antimeningococcal serum 
and showed that these group precipitins could be removed by absorption of the 
scrum witli any one of the tlaree polysaccharides. There was no precipitation of 
the polysaccharides of pneumococcus and of Bargen’s organism with antimeningo- 
coccal serum, nor did the meningococcus polysaccharide react with antipneumo- 
coccal and anti-Bargcn sera. Polysaccharides from each of the meningococcus 



GEOPPREY RAKE AND HENRY W. SCHERP 


343 


types showed equal precipitation with pol>^alent andmeningococcal serum, and 
furthermore, absorption with Type I polysaccharide removed pol}^ccharide 
precipitins for all types. This polysaccharide is, therefore, in no way type-specific. 
The nucleoprotein was also found to be common to the group rather than rt'pe- 
specific. It does not precipitate with sera of organisms outside the group of Gram- 
negative cocci and absorption with nucleoprotein of Tj'pe I removes the nucleo- 
protein precipitins for all the t}q)es. In a further paper ( 11 ), Zo2a3’a found 
similarities in the pol>"saccharides of the meningococcus and certain Gram-positive 
bacilli (anthrax, frotetis, ineseiUericus and suhlilus). Absorption of pol3'valent 
antimeningococcal serum T^dth the pol3"saccharide of any one of these organisms 
removes the precipitins for the meningococcus pol3'saccharide. On the other 
hand, only absorption with anthrax pol3"saccharide will remove the anthrax 
precipitins from anti-anthrax serum, while the other pol>'saccharides are unable to 
do this. The presence of at least two carbohydrate antibodies is presumed, one 
species-specific and the other group- or non-specific. It is of interest to note that 
in no case was the agglutination titre of the absorbed serum altered from that of 
the unabsorbed control and this even when the absorption of precipitin was 
successful. 

As this brief review of the previous studies on precipitable substances 
of the meningococcus indicates, the findings may be divided conven- 
iently into two periods. In the first, no attention was paid to the chemi- 
cal complex of the various extracts. The earlier investigators showed 
that alkaline extracts of the meningococcus contain precipitinogens 
which react wdth both antimeningococcus serum and the serum pre- 
pared against others of the Gram-negative cocci (4-6) ; that the anti- 
sera contain both species-specific precipitins which can be removed 
only by the homologous organism or its extract, and group precipitins 
w’hich can be removed by any of the organisms or their extracts (5, 6), 
and finally, that there is e\idence of the presence of tjpe-spccific 
precipitinogens as contrasted vnth those which are only species- 
spccific and common to all the meningococcus t^qDCs (7). In the later 
period, commencing with the work of Zinsser and Parker (8), endeavors 
have been made to isolate and identify the different fractions of the 
meningococcus extract which arc responsible for the varying reactions 
observed. It has been shoum that precipitation wnth 10 per cent 
acetic acid will give a nucleoprotein fraction which is spcdcs-spcdfic 
(2, 10), while precipitation with ethyl alcohol gives at least two frac- 
tions of which one is Upc-spcdfic (2, 9) while the other is related to 
similar substances present in and oblainc*d from other microorganisms, 
espccialh’ those of ihc Gram-negative coccus group (2. 10, 11) ^ 
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Material and Technique 

Several methods of extracting the meningococci were tried. These 
included extraction with normal saline and also with n/20 HCl. 
The most satisfactory, as far as yield of the various fractions and 
comparative ease of separation are concerned, was that of autolysis. 

The organisms are planted in 9 cc. of beef heart infusion broth at pH 7.6. At 
the end of 24 hours, or as soon as good growth is apparent, the whole 9 cc. are 
planted in a liter flask containing from 700 to 900 cc. of hormone broth. If growth 
takes place, a pellicle becomes obvious on the surface of the broth in 2 or 3 days, 
which breaks up into fine granules and gradually settles to thebottom of themedium 
when the flask is disturbed, A new pellicle now forms on the surface and by daily 
shaking of the flask a constant new gro\\’th may be obtained at the surface, while 
those organisms which have settled out undergo gradual autol3'’sis at the bottom. 
Growth is maintained at 37®C, for about 2 weeks. 

The broth culture is now centrifuged at high speed to remove all debris. The 
supernatant, slightly’' cloudj^- fluid is measured in a graduated cylinder and then 
placed in a liter flask. 10 cc. are taken in a test-tube, and to this is added at room 
temperature from a burette 10 per cent acetic acid drop by drop until no more 
precipitation occurs. A simple reckoning vnll permit the adding of sufficient 10 
per cent acetic acid to the bulk of the autol^'sate to throw out of solution the acetic 
acid-precipitable fraction. This appears as a greyish white deposit. The mix- 
ture is centrifuged, the clear supernatant fluid decanted and the precipitate, 
labelled P, is preserved. 

A strong solution of sodium hydroxide is added to the supernatant fluid until 
it is neutral to litmus. It is now treated with 95 per cent eth}d alcohol. MTicn 
an equal volume of alcohol is added, a slight precipitate appears and tliis becomes 
heav>" when the amount of alcohol reaches tw^o to two and a haK volumes. This 
amount of alcohol is allowed to stand in contact with the broth solution for 24 hours 
at room temperature. During this time a white flocculent precipitate settles out 
completely. It is packed by centrifugation at high speed and the supernatant 
fluid decanted. This fraction, for reasons to be shown later, is termed the specific 
substance. It is dried iu vacuo over phosphorus pentoxide, wffien it forms a brown- 
ish white material somewffiat like gelatin in appearance. Most of the first pre- 
cipitate is insoluble in distilled wnter or saline, but all or apparently all of tlie 
active material goes into solution after standing in contact wdth distilled water or 
saline for a day or twn. The clear, somew’hat brownish solution is reprecipitated 
with tw’o and a half volumes of 95 per cent ethyl alcohol. The >ield of this pre- 
cipitate varies betw'ccn about 250 and 500 mg. of dried material from 900 cc. of 
broth. It is dried iu vacuo as before and rcdissolved in saline or distilled wntcr. 
On this occasion about 90 per cent of the precipitate goes into solution; i.c., in 
one case 390 mg. out of 436 mg. and in another 209 mg. out of 224 mg. The sub- 
stance may be further purified by repeated alcohol precipitation. A few* ciw'stals 
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Type I 

The type-spedfic substance has been obtained from several Type I 
strains. Most of the work, however, has been carried out on the 
fraction obtained from a hormone-broth autolysate of Strain 428 
which had grown in 900 cc. of the broth for 2 weeks. The method of 
preparation has been described above. 

This Strain 428 sho^Yed the characteristic agglutination of a freshly isolated 
Type I strain.^ 

The agglutination test is carried out for 2 hours at 37°C. and overnight in the 
ice box. The readings given are the final ones. All the monovalent sera are 

TABLE I 
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Saline — negative 


prepared from freshly isolated spinal fluid strains (1) vdth the exception of the 
T 3 'pe IV serum which, in the absence of an}" fresh strains of this t^^pe, is prepared 
from a stock strain isolated in March, 1929. 

The fraction gives a good precipitin reaction with homologous anti- 
sera. Little or no difference can be found between the reaction with 
Type I and that witli Type III sera, either in the amount or the t}pe 

1 All precipitin tests have been carried out in the same way. Equal parts — 0.1 cc. 
— of serum and solution of the fraction to be investigated have been placed witli a 
capillar}' pipette in a small precipitin tube 4 to 7 mm. in diameter. The serum is 
placed at the bottom of the tube and the solution carefully layered on top to form 
a clear line of junction. The reading is made immediately and then after the tube, 
has stood for 1 hour in tlie 37°C. water bath. This constitutes tlie ring test. The 
two fluids are then mbeed and returned to the bath for 1 hour, when they arc read 
again and then placed in the ice box overnight for a final reading. 
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precipitin reaction. It would seem that the presence of impurities 
being precipitated with the type-specific substance changes the char- 
acter of the precipitate and renders it granular. 

It might be supposed that the cross-reactions which occur between 
the type-specific substance and heterologous unabsorbed antisera 
(not including under this term the T3T3e III antiserum) are due to 
the presence in the purified fraction of small amounts of non-type- 
specific carbohydrate C and nucleoprotein P fractions, and the pres- 


TABLE n 


Sera unabsorbed 

Sera absorbed 


I 

II 

III 

IV 

I 

II 

III 

IV 

No. 

578 

No. 
551 ; 

No. 266 

No. 

535 

No. S78 

No. 

551 

No. 266 

No. 

535 


db" 

d-' 

=Fr 

d-^ 

0 

d-' 

0 

Immediatel Ring 


d-^ 

d-d-d-p 

=b" 

P-t-d--- 

0 

Pd- d-d-" 

0 

1 hr. J test 

+±p 

d- 

d-d-d-p 

dz 

d-d-P 

0 

d-d-d-pd 

0 

2 hrs. 

d — hP 

d-±P 

+d — hd^P 

db 

d-d-P'* 

0 

d-d-d-d-P'* 

=F 

Ice box 


r = ring. 

p = granular precipitate. 

pd = disc broken up on agitation. 

: 1 


+ 

+± 

++ 

+++ 

++++ 


= increasing amounts of precipitate. 


ence in the monovalent antisera of their corresponding antibodies. 
This is no doubt the case to some degree, yet experiments such as Ex- 
periment 2 have shown that the monovalent antisera contain such 
insignificant amounts of the anti-C and anti-P antibodies that one must 
doubt whether these are altogether responsible for the cross-reactions. 

Experiment 2 . — ^Thc nucleoprotein fraction (of Strain 31, Type II, purified by 
three precipitations with 10 per cent acetic acid) was made up in a standard 1/100 
solution. A specimen of C substance (from Strain 7, Type I-III, purified by three 
precipitations with 95 per cent ethyl alcohol) was also prepared in a dilution of 
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Experiment .5.— Dilutions of the type-specific substance of T3pe I (Strain 428), 
which had been purified by reprecipitation, were made from 1/100 to 1/10,000. 
These were set up against undiluted serum. Serum dilutions were made from 
imdiluted serum to 1 part in 32. All dilutions were made in normal saline. The 
serum dilutions were set up against a 1/1,000 solution of tj^DC-specific substance. 
The results are shown in Table IV. 

It will be noted that the specific precipitation occurs with dilutions 
of specific substance of 1/10,000 and undiluted serum, or with dilu- 
tions of serum of 1/32 and specific substance 1/1,000. On the other 
hand, the heterologous reaction occurs only at 1/1,000 of specific sub- 
stance dilutions and 1/8 of serum dilution. Moreover, the amount 
of precipitate formed in the cross-precipitation is throughout more 
scanty. It will further be seen that the Type III antiserum gives a 
higher titre in both parts of the experiment than the Type I serum. 
The specimen of Type III antiserum used in this experiment had the 
highest titre of any rabbit monovalent serum prepared up to the time 
the experiment was carried out.^ 

The Type I specific substance precipitates readily with some speci- 
mens of polyvalent antimeningococcal horse serum. The titre reached 
is often higher than that obtained with the homologous monovalent 
rabbit serum. 

Experiment 4 . — Dilutions of the t3T3e-specific substance from 1/100 to 1/10- 
000,000 were set up against undiluted pol3walent antimeningococcal horse serum 
No. 3. Dilutions of the serum from 1/1 to 1/32 were set up against type-specific 
substance diluted 1/1,000. The precipitin test was carried out in the usual wa}’. 
Table IV shows the final readings. 

It will be seen from Table W that the type-specific substance pre- 
cipitates well with the particular sample of polyvalent antimeningococ- 
cal horse serum used in this experiment. With dilutions of the specific 
substance itself, a higher titre is reached with the polyvalent serum 
than with the homologous antisera, w'hile in the serum dilutions the 
titre is the same in both instances. From this it might appear that 
poly\’-alent sera contain more type-specific precipitins than do the 
specifically prepared monovalent sera. Absorption experiments, how- 

’ Specimens of T3'pe I specific substance prepared more recentl3' by improved 
chemical methods give a good precipitate in homologous sera at 1/1,000,000 and 
fail to precipitate with T>'pe II or T3’pe IV sera at 1/1,000. 
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ever, prove that such is not the case, for heterologous strains or speci- 
mens of non-type-specific fractions will remove a larger part of these 
precipitins. They are, therefore, not type-specific and the precipi- 
tates formed represent in large degree reactions with impurities re- 
maining in the sample of type-specific substance. 

Two samples of polyvalent serum No. 3 were absorbed twice with 
large amounts of homologous (Type I, Strain 454) and heterologous 
(Type II, Strain 442) whole organisms for 2| hours at 37°C. and over- 
night in the ice box. The polyvalent absorbed sera were set up against 
dilutions of the type-specific substance. Not even the homologous 
absorption removed all the precipitins from the serum. The heterol- 
ogous strain removed a large part of the precipitins, showing that they 
were group-specific rather than type-specific; yet the absorption with 
homologous organisms was even more complete, showing that a part 
of the precipitins in the polyvalent antimeningococcal horse serum 
are, as might be expected, type-specific. 

The precipitin reaction between the type-specific substance and the 
monovalent rabbit antiserum shows an inhibition zone in the lower 
dilutions. This phenomenon is brought out very clearly by tlie 
method of precipitin test that has been used — namely, first a ring test 
and then mixing of the sera. No zone phenomenon is sho\vn by the 
ring test, but when lower dilutions of the type-specific substance have 
been used, reabsorption of the precipitate occurs in quite a dramatic 
manner directly the solution of specific substance and serum are mixed 
intimately. 

Experiment 5 . — Dilutions of Type I specific substance were made from 1/40 to 
1/125. These were set up against undiluted Type I monovalent serum and the 
precipitin test was carried out in the usual way. 

At the end of 1 hour at 37°C., there is no inhibition zone demon- 
strated by the ring precipitin test. Directly on mixing, however, in 
the three lower dilutions all precipitate formed disappears completely, 
the precipitate in the fourth tube is decreased slightly, while that in 
the fifth tube, i.e., the highest dilution, remains unchanged. At the 
end of the 2nd hour at 37°C., the first three tubes show very little 
precipitate. The precipitate in the fourth and fifth tubes is about 
equal. After standing overnight in the ice box the amounts of pre- 
cipitate in all tubes are about equal. 
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than is obtained with the specimen of type-specific substance obtained 
from Type I. A noticeable feature is a quite marked cross-precipita- 
tion with Type IV antiserum — ^more marked than is the case with 
T5q5e I specific substance. This suggestion of relationship of Type II 
to Type rV has been noted several times throughout the investiga- 
tions; owing, however, to the absence at the present time of a freshly 
isolated Type IV strain, the serum used is not of the same value as that 
for Types I, II and III, nor can the problem be investigated further at 
the moment. Absorption of the monovalent sera removes all the 
group precipitins and, it must be noted, removes the precipitins of tlie 
Type IV serum. 


TABLE VI 


Sera unabsorbed 

Sera absorbed 


I 

II 

III 

IV 

I 

II 

III 

IV 

No. 

578 

No. 551 

No. 

556 

No. 535 
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+ + + + Pd 
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Ice box 


Expcrivtent 6. — h purified specimen of T)'pe II specific substance is made up 
in a dilution of 1 part in 100 of saline. This is set up against unabsorbed and 
absorbed monovalent rabbit sera and the precipitin test carried out in the usual 
manner. As in Experiment 1, the absorption was carried out both with dried C 
substance and with whole organisms, on this occasion of Tj^pe I (Table VI). 

As with T3rpe I specific substance, dilution of either the solution of 
specific substance or of the serum serves to bring out the specificity of 
the reaction. 

Expcrimcnl 7 . — Dilutions of a purified specimen of Type II specific substance 
were made, ranging from 1/100 to 1/10,000,000. These were set up against un- 
diluted serum. Serum dilutions were made from undiluted serum to 1 part in 32 
and these were set up against a 1/1,000 solution of the specific substance (Tabic 
\TI). 

It will be noted that the type-specific substance reacts with the 
homologous serum in a dilution of 1/100,000 albeit slightly. This is 
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to be compared with the high dilutions in which this same specific 
substance gives protein reactions (see below). In the serum dilution 
protocol, the relationship of the Type IV to the Type II already men- 
tioned above is brought out quite sharply. 

As with the Type I specific substance, so the Type II reacts with 
some specimens of polyvalent antimeningococcal horse serum. This 
reaction is due in part to type-specific and in part to group-specific 
precipitins in the serum, as can be shown by absorption. 

Experiment 8 . — Dilutions of Type II specific substance from 1/100 to 1/10- 
000,000 were set up against undiluted polyvalent serum No. 3. Dilutions of 
serum from undiluted up to 1/32 were set up against Type II specific substance 
diluted 1/1,000 (Table VII). 

As with the T 3 T»e I specific substance and polyvalent serum (see 
Experiment 4) so here also the precipitin reaction between Type II 
specific substance and the particular specimen of polyvalent serum 
used reaches a high titre, slightly higher in fact in the serum dilutions 
for the polyvalent than for the homologous Type II serum. Here 
again, however, it can be shown by absorption that the reaction is due 
in large part to the non-specific precipitins in the polyvalent serum 
precipitating impurities, including the non-specific polysaccharide C, 
remaining in the t 3 qje-specific substance. 

Two samples of polyvalent serum were absorbed with homologous 
(T3q5e II, Strain 442) and heterologous (Type I, Strain 454) whole 
organisms and set up against the dilutions of type-specific substance. 
Absorption witli heterologous organisms removed a large amount of 
the antibodies from the serum, showing them to be group-specific; 
homologous absorption removed even more of the antibodies, these 
ob\’iously being those against the t)qDe-specific substance. 

T)qDe II specific substance in a dilution of 1/100 gives a slight pre- 
cipitate with antigonococcal serum and a stUl slighter reaction with 
antipneumococcal Type III serum. No reaction occurs in a dilution 
of 1/1,000. The reaction is due to the presence in the specimen of 
type-specific substance of some group- or non-specific fractions. 

Chemical Analysis . — Crude specimens of Type 11 specific substance 
give a positive biuret test, a precipitate wfith20perccnt trichloracetic 
acid and a weak Molisch reaction. The most purified specimen yet 
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btained, which gives a precipitin reaction with homologous serum in 
dilution of 1/100,000, gives a positive biuret test and a marked 
irecipitate with trichloracetic add at 1/1,000 and a slight predpitate 
nth trichloracetic acid at 1/10,000. The Molisch reaction is posi- 
ive at 1/100. 


Type III 

As has been mentioned above, the strain used in obtaining the Type 
TT specific substance has been No. 302, secured from Dr. Sara Bran- 
lam of the Public Health Service, Washington, as their most nar- 
owly specific Type III strain. Tested with the monovalent sera in 


TABLE Vm 


Dilutions 

Scrum 

I 

n 

m 

fv 

No. 57S 

No. 551 

No. 556 

No, 535 

1/10 

++++ 

0 

+++ 

0 

1/25 

++++ 

0 

+4* 

0 

1/50 


0 

4-+ 

0 

1/75 


0 

4- 

0 

1/100 


0 

4- 

0 


Saline — negative 


use in this laboratory and using low dilutions in a 37°C. water bath, 
the strain gave an agglutination very similar to that given by any 
other Tj’pc I or Group I-III strain which has been isolated for some 
months and subcultured on artificial media (Table \'TTT). 

Since this strain was not freshly isolated, it was to be expected that 
the j’ield of tj-pe-specific substance would be small, for this has been 
found to decrease in amount udth the length of time the organism 
has been grown on artificial media (13). This fact c.xplains, no doubt, 
some of the morphological changes which arc characteristic of the 
transformation from “fresh” to “stock” cultures (14), and also the 
well recognized fact that stod: strains usually show a loss of their t\-pc 
specificity as judged by the agglutination test (cspcdally when that 
lest is carried out at 55'C.). The total deld from this strain was 75 
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mg. of dried purified material. Of this, 55 mg. were obtained in the 
usual manner described above for isolation of type-specific substance. 
This specimen contained other substances whicli gave cross-precipita- 
tion with Type II and Type IV serum in the same way as the speci- 
mens of Type I and Type II specific substance gave cross-precipita- 

TABLE IX 


Serum 



I 

II 

III 

IV 

No. 578 

No. 592* 

No. 266 

No. 577 

No. 302 specific substance 1/250 1 


0 

+++'* 
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TABLE X 


Scrum 

Dilutions of type-specific substance 
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Dilutions of scrum 
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10-* 
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1/S 
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+ + + P 
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++P 


1 


TABLE XI 


Serum 

I 

I 

m 

III 

I 

III 

Absorbed with 

I 

III 

I 

III 1 

- 

- 

Type I specific substance 

0 

0 

0 

0 

++pd 

+++pd 

1/200 





• 

H-++'' 

Type III specific substance 

0 

0 

1 ^ 

0 


1/250 



1 

1 

1 



tion. The other 20 mg. were obtained from the nuclcoprotein frac- 
tion or P which had been precipitated with 10 per cent acetic acid. 
This P fraction was found to contain not inconspicuous amounts of 
the type-specific fraction when it was tested with monovalent sera. It 
has been noted throughout the work that the nuclcoprotein fraction 
contained varj’^ing amounts of type-specific substance which could be 
removed only "with great difficulty. As a rule the amount was very 






















































GEOITREY RAKE AND HENRY W. SCHERP 


359 


small but in the present case it was quite considerable. As a con- 
sequence, it was precipitated with two volumes of ethyl alcohol and a 
scanty yield of type-specific substance obtained. The important 
feature about the type-specific substance secured in this way was 
the absence of impurities giving any significant cross-precipitations 
with Type II and Type IV sera (Table IX). 

Titrations of the specific substance show that it behaves in a manner 
almost identical with that of the Type I specific substance. It gives 
a positive reaction with both Type I and Type III serum out to 1/- 
10,000 but not to 1/100,000, and in dilutions of 1/1,000 it reacts with 
Type I serum diluted 1/8 and Type III serum diluted 1/32 (Table X). 

Chemical analysis of the T 3 q)e in specific substance fails to show 
any differences from the analysis of the Type I fraction. Thus, a 
purified specimen gives a positive Molisch reaction at 1/100, and a 
strong biuret test and a good precipitate with 20 per cent trichlorace- 
tic acid are demonstrable in a dilution of 1/1,000 though both are 
negative at 1/10,000. 

An even more intimate relationship betw^een the specific fractions 
is brought out by means of absorption experiments. 

Expcrivicni P. — Samples of Tj-pe I and T>'pe m serum were absorbed with 
whole organisms of both T>pe I and T^pe in strains. The organisms were 
left in contact with the serum for 2i hours at 37®C. and 18 hours at the tempera- 
ture of the ice box. These absorbed sera together with unabsorbed controls were 
then set up against specimens of specific substance from Strains 428 (T>’pc I) 
and 302 (T}pc III). The results arc shoTO in Table XT. 

It %vill be seen that the absorption of either Type I or Type HI 
scrum by either Type I or Type HI whole organisms removes com- 
pletely the prccipitins in these sera for both T 3 pe I and T^pe IH 
specific substances. It has been demonstrated elsewhere (see Ex- 
periments 1 and 6) that, when strain of organisms and serum are 
heterologous, absorption with whole organisms helps to remove the 
non-specific antibodies in the serum but leaves untouched the heterol- 
ogous prccipitins for the t\pe-spccific substance. One can onl^*' 
conclude, therefore, from the above experiment (Experiment 9) that 
the t}pc-spccific substances isolated from the Type I and the Tjpe HI 
strains must be very similar in constitution if they be not identical. 
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body fluids of patients suffering from pneumococcal infections, es- 
pecially in the cerebrospinal fluid of patients with pneumococcal men- 
ingitis (see Vincent and Bellot (5) and Dopter (6)). Boor and Miller 
(7), working with a non-protein fraction of the gonococcus, found a 
relationship between gonococcus, meningococcus and pneumococcus 
similar to that described below for the meningococcus fraction. In 
accordance with the term adopted for the similar fractions obtained 
from other microorganisms, this group-specific fraction from the 
meningococcus has been termed the “C substance.” 

As has been stated in the preceding paper of this series (1), the C 
substance may be rendered more pure by repeated alcohol precipita- 
tion. After the first two or three reprecipitations all of the precipi- 
tate is readily redissolved in distilled water, giving a clear, colorless 
solution.^ A standard dilution of 1/100 may be kept in the ice box 
for a period of months without serious loss of serological activity, but 
the C substance keeps even better in the form of a dry powder which 
may be dissolved and used as required. 

This carbohydrate fraction gives an abundant precipitate with some 
but not all samples of polyvalent antimeningococcal serum,- though 
it gives only a very slight precipitate with the monovalent rabbit 
sera prepared with freshly isolated strains in the manner described 
elsewhere (8). 

Expcriniail 1. — A specimen of C substance obtained from Strain 23 (Tj^e I) 
was set up, in a dilution of 1/100, against the four monovalent sera and a poly- 
valent antimeningococcal horse serum which previous experience had shomi to 
possess a high precipitin titre (see Table I). 

It will be seen that while the precipitate is heavy vdth the polyva- 
lent serum, it is negligible with the monovalent sera prepared from 

* Although, in the description of the isolation of this C substance from the crude 
broth (1), the statement is made that on alcohol precipitation a heavy’ white pre- 
cipitate settles out, this is not invariabl}' the case and, especially when the broth 
has been concentrated, in its place there may’ appear a copious deposit of a brown- 
ish gum. The isolation of the C substance from this gum is a matter of much 
difficult}’ and recent work indicates that this group-specific fraction can be iso- 
lated more readily from extracts of organisms grcrni on solid media. 

- For the specimens of polyvalent antimeningococcal horse serum the author 
is indebted to Dr. J. Zozaya and the New York State Department of Health. 
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fresh strains. It may be pointed out that the Type IV serum, in 
which the precipitate is heaviest, is prepared from a stock strain, no 
fresh strain being available. 

The C substance from each of the three types reacts equally well 
with the polyvalent serum and absorption of the polyvalent serum 
with the C substance of one type removes the precipitins for the C 
substance not only of that type but of all the types. 

ExperiTTient 3. — Spedmens of C substance from each of Type I, 11 and III 
strains in dilutions of 1/100 were set up against (1) unabsorbed poI>valent serum 


TABLE I 


I 

n 

m 

rv 

Polyvalent 


No. 578 

No. 592* 

No. 265 

No. 577 

No. 3 

0 

0 

0 

0 


Immediate! . 

ZfT 


=r' 

-t-r 

•1 — 1'+® 

Ihr. 





+++'* 

2 his. 

^ ! 

1 



-X. 

++++■* 

Ice box 


r = ring. 

p = granular precipitate, 
d = disc. 


+ + + 
+ + + + 


increasing amounts of precipitate. 


No. 3, and (2) polyvalent scrum No, 3 absorbed twice with C substance from Strain 
19, T>'pc ir. The icc box readings arc given b Table 11. 

The serological identity of the polysaccharide from the three differ- 
ent tjpes is clearly shovm by the results of this absorption lest. 

The C fraction is precipitated by other sera than poHvalent anti- 
meningococcal serum. Antigonococcal scrum and antipneumococcal 
T>"pc III scrum gave good reactions, while antipneumococcal Tj’pe 
II scrum and one sample of antistrcptococcal serum’ gave slighter 

* For this and other antistrcptococcal sera, the author is b deb ted to Dr 
Rebecca I.anccficld, 
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reactions. Antipneumococcal Type I sera, other specimens of anti- 
streptococcal serum and sera prepared against the Gram-negative 
bacilli gave no reaction. The strong reaction with Type III anti- 
pneumococcal serum and the weak or negative reaction with Type II 
and Type I sera are in keeping with the fact that Type III serum al- 
ways contains plentiful precipitins for the pneumococcus C substance, 
while sera prepared against Types I and II contain little. Table III 
shows the results of precipitin experiments between antimeningococcal 
pol3rvalent serum, antigonococcal serum, antipneumococcal sera and 
the active specimen of streptococcal serum and a specimen of meningo- 
coccus C substance (from Strain 23), diluted 1/100 and 1/1,000. 


TABLE II 


Type of C substance 

I 

II 

III 



Strain No 

23 1 

19 

302 


Unabsorbed polyvalent serum 

Polyvalent serum absorbed with Type II C 

++++’^ 

=F 

++++’^ 

-b-b-f-b'* 


TABLE III 


Serum 

Meningococcus 

Gonococcus 

Pneumo- 
coccus I 

Pneumo- 
coccus I^ 

Pneumo- 
coccus III 

Strepto- 

coccus 

Dilutions of C 
substance 

10“« 

lO'S 

n 

10-* 





1 10“» 

10’* 

lO”* 

I0-* 

23 C 

-b-b-b+‘^ 






' ± 




m 

± 


Conversely, polyvalent antimeningococcal serum and, to a lesser 
extent, antigonococcal serum will give a precipitate vdth the C sub- 
stance of other microorganisms. 

Experiment 3. — A specimen of pneumococcus C substance, highly purified and 
diluted 1/100, was obtained through the kindness of Dr. Forrest Kendall. This 
was set up against polyvalent antimeningococcal, antigonococcal and antipneu- 
mococcal Type III sera (Table TV). 

The precipitates formed from the interaction of the antimeningo- 
coccal and antipneumococcal sera and the pneumococcus C substance 
were marked. That from the antigonococcal serum was less. 

^^^len these sera are absorbed with meningococcus C substance all 
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the predpitins for the homologous C substance are removed/ while 
those for the heterologous C substances are decreased but not alto-' 
gether removed. Similarly, absorption of the sera with pneumococ-' 
cus C substance removes the homologous predpitins completely but 
causes only a partial decrease in the heterologous precipitins. 

Expcriincnl 4 . — Pobwalent antimeniBgocQCcal serum and T\*pe UI antipneu- 
mococcal serum were absorbed with drC" meningococcus C substance (Strain 19, 


TABLE I\^ 


Scrum 

Meningococcus 

Gonocccais 

Pceinnccocccs III 

No. 2 

No.0in05-C 

No. ElB-1 

Pneumococcus C 1/1,000 


O- 

-f-fP 


TABLE V 


Senim 


Merjnrococcus 

C 

rnruno- 
cocrus C 

Meningococcus scrum 

Unabsorbed 


+++r 


1 Absorbed with meningococcus C 

= 



substance 




Absorbed with pneumococcus C 




substance 


1 

Pneumococcus scrum 

Unabsorbed 

^-Lp 

d-hr 


.Absorbed with meningococcus C 

0 



substance 




Absorbed with pneumococcus C 


0 


substance | 




T>*pe II), 10 mg. to 0.5 cc. of serum, for 2{ hours at d7'C. and overnight in the 
ICC box. At the same time, similar quantities of the two sera were absorbed with 
0.8 mg, of pure pneumococcus C substance (obtained through the courtesv of Dr. 
Wallhcr Goebel). These absorbed sera were tested against meningococcus and 
pneumococcus C substance diluted 5/100 (Table 

These results v.-ouhi appear to indicate that the C substances ob- 
tained from difTcrent organisms, while vcr>- similar, are not identical 
chemically or immunologically. This dificrentiation of the two poly- 
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saccharides by means of the absorption test calls to mind a similar 
differentiation made by Avery, Heidelberger and Goebel (9) between 
the specific polysaccharides of Friedlander E and Pneumococcus 
Type II wliich had been found to resemble one another so closel 3 ^ 
The case of the meningococcus and pneumococcus C substances, 
however, would seem to differ from that of the Friedlander E and 
Pneumococcus Type II specific substances in one particular. Avery, 
Heidelberger and Goebel found that absorption of Friedlander serum 
with the homologous organism removed all the precipitins and not 
merely those for the Friedlander E specific substance, but that absorp- 
tion of this serum with the Pneumococcus Type II organisms removed 
only the precipitins for the Pneumococcus Type II specific substances. 
In the same w^ay, homologous absorption of tlie pneumococcus serum 
removed all precipitins, while absorption with Friedlander organisms 
removed only the precipitins for Friedlander specific substance. In 
the case of the C substance of the meningococcus and pneumococcus, 
absorption of either serum with either C substance removes only the 
homologous precipitins and merely decreases, but does not remove, 
those for the polysaccharide other than that used in absorption. 
Since it was thought that the difference might be in the fact tliat in 
the latter case C substance alone was used for absorption while Averj”^, 
Heidelberger and Goebel had used whole organisms, the experiment 
wdth the meningococcus and pneumococcus sera Avas repeated using 
whole organisms for absorption. 

Experiment 5. — Polyvalent antimeningococcal serum and T 3 Tpe III antipneu- 
mococcal serum were absorbed with whole meningococci. The growtli used was 
a 16 hour culture of a freshb' isolated Tj'pe II strain grown on blood agar plates, 
washed off in saline and centrifuged down, the serum being then added to the 
packed organisms which were mixed in with steady' shaking of the tube. The 
absorbed sera and the same sera without absorption were now set up against solu- 
tions of meningococcus and pneumococcus C substance, botli at 1/100. lablc 
VT shows the results. 

It will be seen that, in complete agreement with the work of Avery, 
Heidelberger and Goebel, the w’hole meningococci absorb from the 
antimeningococcal serum all of the precipitins, not only for the homol- 
ogous but also for the heterologous C substance. On the other hand, 
absorption of the antipneumococcal serum with meningococci removes 
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only the precipitins for the homologous C substance and leaves the 
pneumococcus C precipitins unaffected. 

The C substance of the meningococcus will give a precipitin reac- 
tion in dilutions of one part in a million. This is a higher titre than is 
usually obtained vdth any of the tj^e-specific substances. This may 
in part be due to the fact that the pol3w^alent antimeningococcal horse 
serum used in testing the C substance has of itself a higher titre than 
the monovalent rabbit sera used with the tj'pe-specific substances. 


TABLE VI 


Senan 

Polysaccharide 

Menins:o- 
coccus C 

Pcraaio- 
coccus C 

Meningococcus scrum 

1 

Unabsorbed 




Absorbed with meningococcus whole 


0 


organisms 



Pneumococcus scrum 

Unabsorbed 


-h-f •’ 

1 

Absorbed with meningococcus whole 

0 

-i-h” 


organisms 




TABLE Vn 


Dilutions of C 1 
substance — 

lo-i j 

: lo-* j 

III! 
1 10-* 10-1, 

i 1 

Dilutions of j 

serun.. .* 1/1 1 

1/2 

1/4 

i 

I/s 

1 1 

1/lcJ 

1/32 


■ 

■ 


1 

1 ~ 

0 

I C sub- 

1 stance 1 i 

Vl.OOO I j ] 

rr+p' 

i 

1 

-r-fP 

-h-rJ’j 

4.P 


Expcrmcnl 6,—k specimen of meningococcus C substance (from Strain 23, 
T>'pc 1), purified by sk rcprecipitations v.ith eight volumes of 95 per cent clbyl 
alcohol, \vas diluted from 1/100 to 1/10,000,000 and set up against undiluted 
polyvalent scrum No. 3. Dilutions of the scrum from l/I to 1/32 ^vc^c set up 
against the C substance diluted 1/1,000 (Table \TI). 

It will be noticed also that C substance diluted 1/1.000 mil give a 
precipitate in scrum dilutions out as far as 1/32. 

Cl:ct);ical Analysis . — Purified specimens of C substance giving pre- 
cipitin reactions out to 1/1,000,000 show a strong Molisch reaction at 
1/100, a weak one at 1/1,000 and arc negative at 1/10,000. Neither 
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a positive biuret nor a positive trichloracetic acid .test for protein 
can be obtained at 1/100. 


The P Substance 

This fraction — the P substance — , which is. precipitated from the 
autolysate by means of 10 per cent acetic acid,, appears as a greyish 
white flocculent precipitate. Unlike the C fraction and the type- 
specific substances which pack easily on centrifugation, tlie P sub- 
stance is difficult to remove completely from the supernatant fluid and 
does not form a tight pack even after prolonged centrifugation. To 
some extent this appears to be due to the presence of mucoproteins 
which do not precipitate readily. The precipitate may be dissolved 
in n/100 NaoCOs and then treated by repeated acetic acid precipita- 
tion and sodium carbonate resolution. After every precipitation 
there is a residue whicli will not pass back into solution. This resi- 
due decreases but slightly witli further purifications, and must prob- 
abl}' be regarded as protein denatured during the process of purifica- 
tion. It is fully realized tliat the sample of so called nucleoprotein 
with which one finishes may well be somewhat different from that 
occurring in vivo, or even on first precipitation, but one can conclude 
that whatever clianges have taken place have been unable to alter to 
any great extent the reactive properties of the substance which still 
precipitates in a characteristic manner witli the appropriate serum. 
It may also be stated at this point tliat it is doubtful whether any of 
the protein material obtained in this, the accepted method, from micro- 
organisms consists of nucleoprotein, despite the common appellation 
of nucleoprotein applied to this material in the literature. Certainly, 
ver}”- little can be regarded as nucleoprotein and the bulk consists of 
other conjugated proteins which preliminary work suggests can be 
separated one from another by various manipulations. Only very 
small amounts of carbohydrate are present even in the first crude 
specimens of P substance. A constant feature, however, is the pres- 
ence of t 3 TDe-specific substance in the first crude specimens and per- 
sisting even for the first few purifications. This fact is clearly demon- 
strated when crude specimens of P substance from the different types 
are tested with monovalent and poly^valent sera (Table VIII). 

It will be noted tliat the crude P fraction, when tested with monova- 
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lent serum, reacts only witli sera homologous to the type from which 
it is derived. The type-specific substance to which this reaction is 
due can be removed by purification, giving a solution which still reacts 
strongly with the polyvalent antimeningococcal serum but no longer 
with any of the monovalent sera. ^^Tiere the type-specific fraction 
is present in sufficiently large amoimts it can be recovered by precipi- 
tation with two volumes of ethyl alcohol and the specimen thus ob- 
tained is much purer than that obtained by the usual method, since 
it contains only undemonstrable amounts of C substance, if any at all. 


TABLE vm 


Serum 

I 

n 

m 

IV 

Poh-valent 
No. 3 

No. 428 Type I P'- 

+ 

0 

+ 

0 

J — ! — 1 — 

No. 31 Type II P* 

0 

zh 

0 

0 


No. 302 Type m P* 


0 


0 



TABLE IX 


Serum 

Meningococcal 

Gonococcal j 

Pneumococcal 

Dilutions of P substance 

10-5 

10'* 

10-* 

10-* 

HQ9H 

I0'» 


+ ^ 1 1-** 

4-4-P 

4.+P 


s 

0 


Like the C substance, the protein fraction reacts n-ith both anti- 
gonococcal and Type III antipneumococcal sera (Table IX), but not 
■with any of the sera tried; viz,, antistreptococcal sera and sera pre- 
pared against the Gram-negative bacilli. This is in keeping \rith the 
work of Boor and Miller (7) who showed that the nucleoprotein which 
they' obtained from the gonococcus was likewise not species-specific. 

The P fraction will give a precipitin reaction in a dilution of 
1/100,000 but not in 1/1,000,000, which is lower than that obtained 
with the C substance when the same polyvalent antimeningococcal 
serum is used. 

Expcrimenl 7. — \ specimen of meningococcus P substance (from Strain 42S, 
Type I), precipitated by three repredpitalions with 10 per cent acetic add, was 
set up in dilutions of from 1/100 to 1/10,000,000 against poh-valent serum (Xo. 
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3) undiluted. Dilutions of the serum up to 1/32 were set up against a 1/1,000 
solution of P substance (Table X). 

P substance at 1/1,000 reacts with a serum dilution of 1/16 but 
not one of 1/32. 

Chemical Analysis . — Purified specimens of P substance giving pre- 
cipitin reactions out to 1/100,000 give a negative Molisch reaction 
at 1/100. Both biuret test and precipitate test with 20 per cent tri- 
cliloracetic acid are positive at 1/10,000 dilution, but not at 1/100,000. 

All of the specimens of P substance which have been tested have 
proved to be highly toxic for rabbits and, to a much less degree, for 
mice. The toxicity of various preparations varies to some degree, 
but the majority have a strengtli such that 1 to 3 mg. injected intra- 
venously will kill a 2,000 gm. rabbit within 6 hours. The toxic factor 
is relatively stable and the suspension of P substance can be stored in 
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0 
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1/1,000 

++P 

++P 
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+ 

d: 

i-i 

1 
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the ice box over a period of weeks without showing any gi-eat loss in 
toxicity. Specimens of P substances, besides being toxic, are strongl}’’ 
antigenic and will evoke a serum which, in addition to having a high 
precipitin titre for the meningococcus P substance, will protect against 
many lethal doses of the toxic factor contained in the P substance. It 
must be stated here that it is by no means certain at the moment tliat 
the P substance and the toxic factor are one and the same thing. 
Investigations are at present under way concerning this particular 
point. 

DISCUSSION 

Three substances, which react in a specific manner with appropriate 
sera, have been isolated from the meningococcus. Of these sub- 
stances, the first or tj’pe-specific substance has been described in a 
previous paper (1), while the other two, which are group-specific, 
have been described above. 
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The method of isolation used for these substances has been chiefly 
that of prolonged growth of the organisms in fluid media with autolysis 
occurring pari passu with this growth. It is realized that such pro- 
longed cultivation in fluid media must ^ve rise to many substances 
which are products of the bacterial metabolism or are formed as a 
result of the interaction of the organism and its pabulum, the surround- 
ing medium. In such a case, doubt may exist as to whether the sero- 
logically active substances are preformed in the organism or are not 
rather the result of interaction of meningococci and media. In order 
to surmount this objection, other methods of obtaining the serologi- 
cally active substances have been used. The organisms have been 
grown on solid media for short periods of time, ix. imder 20 hours, and 
then washed off. The bacterial growth obtained in this manner has 
been extracted wdth saline, weak alkalies or adds, and the extracts so 
obtained have been subjected to methods much the same as those 
applied to the broth cultures. By such means it has proved possible 
to isolate three serologically active substances which now behave in 
like manner to those obtained from the broth, Zozaya and Wood (2) 
and Zozaya (3) used similar methods for the isolation of group-specific 
protein and polysaccharides of the meningococcus. The method 
which calls for the use of solid media has not been adopted as a routine 
because of several complicating factors. Foremost of these is the 
influence of the agar. As Sordelli and Mayer (10) and others have 
pointed out, saline solution or any other solvent brought into contact 
\%ith agar, dissolves up some fraction present in the agar, which will 
now give a precipitin reaction with sera produced by the inoculation 
of vaccines prepared from bacteria grown on agar plates. Since all 
sera used in the present w’ork are prepared from agar-grown vaccines, 
it is clear that complications will arise in the use of organisms growm 
on media with this basis for the preparation of the serologically active 
substances. Apart from this is the fact that growth in broth is a far 
less laborious method of preparing the crude substances and one which 
gives a far greater >icld. 

Tlic fact that sera containing antibodies for these chemical sub- 
stances isolated from the broth cultures can be obtained by the inocu- 
lation of young and presumably intact cultures of meningococci w’ould 
lead to the assumption that such chemical substances, or others per- 
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haps more complicated but containing the essential radicals, must be 
present in the intact organism and not be a product merely of meta- 
bolic activity. This assumption is further supported by the fact that 
similar substances may be obtained from young organisms not al- 
lowed to autolyze but killed and extracted immediately, as has been 
pointed out above. 

It is believed that these fractions bear a relation to certain of the 
facts recognized in connection witli the meninogococcus itself and with 
the reaction of the host to invasion with this organism. It would 
seem clear that the type specificity of the meningococcus, which by the 
use of a modified agglutination technique (8) seems to be a definite and 
distinct entity, depends, at least in part, on the presence within the 
organism of the appropriate member of the type-specific substances 
described and, moreover, that the specificity of agglutination and otlier 
serological reactions depends on the interaction of that substance and 
the corresponding antibody in the serum. 

The clear-cut type specificity of the serological reactions is best seen 
with sera prepared against freshly isolated strains of meningococci. 
Sera prepared from stock strains tend to give group-specific as well as 
type-specific reactions, especially when lower serum dilutions are 
used. This would appear to be due to the fact that, as has been shown 
by Petrie (11) and in this laboratory, strains of meningococci when 
repeatedly subcultured on artificial media lose much of the type- 
specific substance which characterized them in the freshly isolated 
state; indeed, several of the differences to be noted between stock and 
fresh strains may be due to this fact. Wdien such stock strains are 
used in the production of serum, the type-specific antibodies are formed 
only slowly and prolonged immunization is required to obtain a serum 
of sufficient antibody content. The serum produced by such a period 
of immunization is one of broad non-specificity giving cross-reactions, 
at least in lower dilutions. It would seem that the animal , while react- 
ing to the type-specific substance, has formed antibodies also against 
the group polysaccharide and protein (C and P) fractions. The pres- 
ence of antibodies for these group substances in the serum will account 
for the cross-reactions. The animal appears to react more readily 
to the type-specific than to the group substances, for it is a fact that 
antibodies against the former appear sooner in the serum than those 
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against the latter. Why this should be is at present not dear. It may 
be that the type-specific substance lies near the surface of the organ- 
ism, but it should be emphasized that the meningococcus apparently 
does not possess a capsular structure of type-specific substance such as 
is presumed for the pneumococcus. It is nevertheless a fact that when 
fresh strains with plentiful type-specific substance are used, sera with 
a sufBdently high titre of type-specific antibodies but with low titre 
of group-specific antibodies can be obtained promptly. On the other 
hand, to obtain a serum with group-specific antibodies, using whole 
organisms, it is necessary to immunize over a period of many months 
( 12 ). 

The antigenic structure of the organism probably accounts for cer- 
tain other peculiarities of the agglutination reaction. It has been 
shown (8) that agglutination at 37°C. is more satisfactory than that 
at 56°C., owing to the absence of cross-reactions. It may be said in 
parenthesis that this applies only to the use of sera prepared with fresh 
strains (anti-S sera), since sera prepared with stock strains seem to be 
too low in type-specific antibodies to react at the lower temperature. 
Using anti-S sera in low dilutions, the reaction is rapid and clear-cut 
at 37°C.; at 56°C., however, cross-agglutination tends to obscure the 
results and the suspended organisms appear to lose their t^^pe specific- 
ity. It can be shown that warm saline, in which meningococd have 
been suspended for some hours and then centrifuged out, contains 
t3rpe-specific substance. One may therefore suppose that agglutina- 
tion at 56°C. is unsuitable because at this temperature the t>-pe- 
spccific substances diffuse out readily into the surrounding fluid and 
the group substances, either by being exposed or by becoming pre- 
dominant, react with their appropriate antibodies to produce non- 
specific agglutination. 

Both tjT)c-spedfic and group substances have been demonstrated 
in the body fluids of those suffering from meningococcus infections. 
The}" can be shown to exist in the spinal fluid in cases of meningitis due 
to this organism, where they give a precipitin reaction with anti-S 
monovalent sera (13). As might be expected, the strength of predpi- 
tin reaction obtained is directly dependent on the numbers of menin- 
gococd in the spinal theca which have undergone autolysis, and thus 
more indirectly, on the total number of infecting organisms. IMicrc 
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this is very low, the precipitin titre is also very low or absent; more- 
over, treatment with antimeningococcal serum tends to diminish or 
remove entirely the precipitinogens, so that a reaction is frequently 
no longer to be obtained once therapeutic treatment has been com- 
menced. 


SUMMARY 

Two group-specific substances, one a polysaccharide and the other a 
protein, have been isolated from the meningococcus and their sero- 
logical properties are described. A discussion of these substances, to- 
gether with the t3q)e-specific fraction, is given, and a relationship of 
these substances to certain serological phenomena is suggested. 
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temperature, using equal parts of serum and spinal fluid. Normal spinal fluids 
gave no reaction, and none was found to occur between meningococcal spinal fluid 
and antipnemnococcal serum or between pneumococcal spinal fluid and anti- 
meningococcal serum. 

All the authors already quoted have used polyvalent antimeningococcal serum 
and have made no attempt to utilize the precipitin test on the cerebrospinal fluid 
as a means of typing the organisms responsible for the infection. Marie (12), 
however, showed that cases of meningitis due to the meningococcus can be sepa- 
rated from those due to the parameningococcus by the use of monovalent sera 
prepared against these types. No other papers bearing on this point have been 
found. 

The demonstration of type-specific substances for Type I-III and 
Type II strains of meningococcus and the production of monovalent 
rabbit sera which have a high titre of precipitins for these type-specific 
substances but a very low titre of precipitins for the non-type-specific 
(C and P) fractions (13, 14), has led to the investigation of cerebro- 
spinal fluid from cases of meningococcal meningitis in order to ascer- 
tain whether this contains type-specific precipitinogens. A prelimi- 
nary paper has offered evidence that such is indeed the case (15). The 
present communication deals with the matter more comprehensively. 

Material and Technique 

Spinal fluid was obtained from cases of known meningococcal 
meningitis and from other cases of meningitic infection or disease of the 
central nervous system. The precipitin test was carried out with 
equal parts of undiluted serum and spinal fluid, cleared by centrifuga- 
tion. The tubes were kept for 2 hours at 37°C. and for 15 to 18 hours 
at ice box temperature. Both the ring method and the results ob- 
tained by mixing serum and spinal fluid were used for reading. 

0.1 cc. of each of the four t>’pe sera was placed in a small precipitin tube. 0.1 
cc. of the spinal fluid was carefulh' layered on top of each of the sera so that a clear 
line of junction was formed between the two fluids. In this manner any precipi- 
tate formed was seen as a distinct white ring at the point of junction and could be 
made out with ease. A reading was made immediately and tlie tubes were then 
placed in the 37°C. water bath. At the end of 1 hour a further reading was made 
and the tubes were agitated in order to mix the two fluids thoroughly. The tubes 
were again returned to the water bath and read at the end of another hour. They 
were then placed in the ice box overnight, at the end of which time the final reading 
was made. 
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When the work was commenced, the cerebrospinal fluid was tested 
with monovalent rabbit serum prepared against aU four types of 
meningococcus. Since, however, the Type IV serum had been pre- 
pared against a stock Type IV strain, no freshly isolated strain of this 
type having been obtainable, this serum, unlike the others, contained 
a moderately large amount of the non-type-specific precipitins and 
gave, as was to be expected, cross-reactions. In the more recent tests 
the Type IV serum has been omitted. Of all the specimens of cerebro- 
spinal fluid investigated, only those due to the meningococcus are 
recorded and discussed here from which the strain of organism in- 
volved could be grown and typed by means of the agglutination test. 

RESULTS 

Twenty-three cerebrospinal fluids have been obtained from cases 
of cerebrospinal meningitis in which the corresponding strain of 
organisms was also recovered. In addition to these, eight fluids from 
other forms of meningitis or disease of the central nerv'ous system 
have been tested. The results of the precipitin tests are given in 
Table I, and the type as ascertained by means of the agglutination 
test is given in a separate column of the same table. 

In examining the results obtained from cases of meningococcal 
meningitis it will be noted that, if the results with the Type W scrum 
be excluded, those obtained by means of the precipitin reaction corre- 
spond with those found on agglutination and that there is on the whole 
no cross-precipitation. The apparent cross-precipitation between 
Type I and Tj^e III sera must be viewed in a different light. As 
has been pointed out elsewhere (13), there is no demonstrable qualita- 
tive difference between the T3'pe I and T\-pe III strains obtainable 
at the present time as regards their tj-pe-specific substance. Cross- 
precipitin and cross-agglutinin reactions are therefore to be e.xpected, 
and the custom has been adopted of referring to these strains as 
belonging to the I-III group rather than to either Tj-pe I or Tj-pe III. 
The cross-predpitation obtained with the T\'pe R’’ serum is most 
certainly due to the presence in the spinal fluid of non-U-pe-specific 
substances (both C and P fractions) produced b\' the autolysis of the 
meningococci. One must assume that the presence of tj-pe-spedfic 
substance in the centrifuged and dcared specimens of cerebrospinal 
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fluid is due to autolysis of the organisms, and it is evident that the 
type-specific substance cannot be set free without the liberation at the 
same time of certain amounts of both non-specific carbohydrate C 
substance and group-specific protein P. The Type IV serum, being 
prepared with a stock rather than a freshly isolated Type IV strain 
and containing antibodies for these fractions, will give cross-precipita- 
tion while the other monovalent sera do not. In fact, in all of the 
later tests the use of Type IV serum has been omitted, and this step 
can be justified by the fact that at the present time very few, if any, 
cases of meningitis due to this type are to be found and none has come 
to the notice of this laboratory in 2| years. 

Five spinal fluids from cases of meningococcus meningitis, which 
fail to give any appreciable precipitin test even after standing over- 
night in the ice box, are shown in the table. Of these, two belong to 
the Group I-III and three to T 3 ^e II. Now it has come to light in 
the course of this investigation that, as was to be expected, those spinal 
fluids in wliich smears show meningococci to be plentiful contain 
precipitinogens in larger amounts, while small numbers of organisms 
are related to a low titre of precipitinogens. Thus it has been found 
that in spinal fluids, such as Nos. 436, 449, 460 and 487, in which 
the precipitin reaction is weak or absent, there is a corresponding 
scanty number of organisms to be found on examination of a smear. 
On the other hand, in cases such as Nos. 425, 451, 464 and 489 in 
which the precipitin reaction is strong, meningococci are present in 
large numbers and must produce a rich autolysate. It is only to be 
expected that at least until sera with a high precipitin titre are avail- 
able a certain number of negative tests must occur. 

Quite apart from this is the relationship of the time at which the 
fluid was drawn from the body to the commencement of intrathecal 
serum therapy. It is important that the cerebrospinal fluid for pre- 
cipitin tests be obtained before intrathecal serum treatment has been 
commenced, or early in the course of such treatment. Spinal fluids 
which have been positive before serum therapy rapidly become 
negative and although weak reactions may be obtained in the first 1 or 
2 days after the serum injection has been begun, further injections of 
serum will produce a spinal fluid which is altogether negative. This 
is clearly demonstrated by fluids Nos. 429, 477, 488 and 492 which. 
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positive before treatment, become negative or vtry -vireak in precipi- 
tinogens after intratbecal serum inoculation. One must suppose that 
the antibodies in the serum imite vrith the type-specific substance in 
the body and remove it from solution. Of the negatively reacting 
fluids, one, No. 481, was certainly obtained after serum treatment 
had been begun, while two others. No. 473 and No. 486, were believed 
to have been drawn off after one treatment, though this point is not 
certain. These two factors — ^the lack of sxiffidently sensitive sera and 
the failure to obtain aU fluids before treatment was begun — ^wiU e.xplain 
all the negative results or failures which were encountered. If the 
three fluids, Nos. 473, 481 and 486, be omitted, it will be seen that 
only two negative results were obtained in twenty fluids, that is 10 


TABLE n 


Cerebrospinal fluid 
strain Ko. 

Tjrpc I serca 

Type H s«rns3 

Type nr semm 

Tj-peby 

ag];lutination 

23 

-f-J-p 

0 


i-ra 

28 


0 

rb 

i-m 

465 

+ 

0 

+*» 

i-in 

484 

-L. 

0 

rb 

MH 

488 


0 

rb^ 

i-ra 

489 

-fP 

0 ! 

ib 

i-m 

436 ! 

0 

rb ^ 

0 

n 

467 

0 ! 


0 

II 


per cent, and this figure could certainly be reduced with the use of 
higher titre sera. 

The eight spinal fluids from diseases of the meninges or central 
nervous system other than meningococcal meningitis fail to give any 
precipitation with the monovalent sera. Tests nith pol 3 walent anti- 
mcningoccal horse serum rich in precipitins for both C and P fractions 
have been made and it has been found that fluids from cases of pneu- 
mococcal meningitis will occasionally give weak precipitin reactions. 
This is in keeping with the work of other investigators (d, 4, 10) and 
with the fact that the group-specific substances of the meningococcus, 
especially the C substance, are related to those of other organisms 
including the pneumococcus. 

It is believed that the obser^-ations given in this paper may be of 
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practical importance. They offer a rapid method of determining to 
which type of meningococcus a given case of meningitis is due. In the 
past, one of the chief criticisms against the use of monovalent and in 
favor of the use of polyvalent therapeutic antimeningococcal serum 
has been the delay of 2 or more days necessary before the tj^e of 
organism can be ascertained by means of the usual method of aggluti- 
nation. During this period one must perforce give poljwalent serum, 
if any serum therapy at aU be attempted. In Table I the readings 
given are those made 17 to 20 hours after the tests were set up and 
therefore could have been made 17f to 20^ hours after witlidrawal of 
the fluid from the body. Such a period of time is not, however, 
essential and the majority of spinal fluids will allow of a diagnosis on 
removal of the tubes from the water bath at the end of 2 hours. 
Table II shows the readings on eight of the specimens of spinal fluid 
made at the end of 2 hours at 37°C. 

In all of these a diagnosis could have been ventured at the end of 2 
hours, that is 2| hours approximately after the fluid was withdrawn 
from the body. In many cases, indeed, the precipitin reaction is imme- 
diate and is sufliciently strong to allow one to make a diagnosis directly 
spinal fluid and serum come into contact. 

In correspondence with the long period of time over whicli solutions 
of type-specific substance isolated in viiro will keep tlieir full reactivity 
in the ice box, specimens of spinal fluid, if stored at 0°C. will continue 
to give a precipitin reaction over many months. Thus, spinal fluids 
No. 23 and No. 28, 14 and 12 months respectively after they were 
drawn, gave precipitin reactions as strong as when they w'ere first 
obtained. 


SUMMARY 

Precipitin tests, carried out on the cerebrospinal fluid from cases of 
meningococcal meningitis with monovalent sera, demonstrate the 
presence in that fluid of type-specific precipitinogens of the menin- 
gococcus. Negative results are secured when the spinal fluid is 
obtained after the commencement of intrathecal serum treatment and 
also occasionally w’hen the numbers of infecting organisms arc very 
small. The reaction offers an easy and rapid method of ascertaining 
to which tj'pe of meningococcus a particular case of meningitis is due, 



GEOFIHEY RAKE 


383 


and facilitates the immediate use of monovalent therapeutic anti- 
meningococcal serum. Typing by means of the precipitin reaction 
can be confirmed by agglutination of the strain of organism responsible 
for the infection, if such strain be isolated. Confirmation by means 
of agglutination has been possible in all the cases discussed in this 
report. Spinal fluids from other diseases of the meninges and central 
nervous system fail to give any precipitin reaction vdth the monovalent 
sera. 
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EXPERIMENTAL AND STATISTICAL ETOENCE OF THE 

PARTICULATE NATURE OF THE BACTERIOPHAGE* 

By ROY F. FEEI^ISTER, M.D., akd W. F. A^LLS 

{From (he Massachuseds Deparlmenl of Public Health and the Harvard School 
of Public Healthy Boston) 

(Received for publication, June 21, 1933) 

In spite of the fact that the bacteriophage is invisible under the 
microscope and passes readily through porous filters, most observ'ers 
seem to be agreed that it is distributed throughout a medium as some 
kind of a particulate entity. WTiether it is of an organized corpuscular 


CORRECTION 

On pages 202 and 205, Vol. 58, No. 2, August 1, 1933, the cuts for Te.'rt-figs. 
2 and 3 should be interchanged. The cut on page 202 is Text-fig. 3, and should 
appear on page 205. The cut on page 205 is Text-fig. 2, and should appear on 
page 202. The legends should remain on the pages where they now appear. 


O — { 5 -* I - ^3 

containing a given number of bacteria can be tested experimentally 
and expressed mathematically. Eminent mathematicians have abun- 
dantly confirmed and extended the McCrady concept, discovering 
finally that it is but a special case of Poisson’s law of small diances. It 
states simply that the concentration of particles in a volume is equal to 
the negative natural logarithm of the proportion of volumes in which 
particles are absent. Wells and Wells (4, 5) have discussed the appli- 
cation of this law to the bacteriological system of geometric dilution 

• I.aborator>* facilities for carr>‘ing on an investigation invoKing bactcriopharrcs, 
of which ihU paper is a by-product, are being furnished through the courtesy of Dr' 
W.G.SmiUlc. 
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series, and have offered a simplified index which is consistent with the 
theory and adapted to practical use. In the application of Poisson’s 
law to the bacteriophage, the logic is reversed to secure a statistical 
approach to the question as to whether or not the bacteriophage satis- 
fies the conditions required if it were particulate. This paper records 
the results of experiments made to test the hypothesis. 

Bronfenbrenner (6) set up an experiment in which there were 20 tubes in each 
of two series. In one series the dilution was 1 X 10“^® and four tubes (20 per cent) 
failed to show lysis. In the other series the dilution was 1 X 10“^^ and 19 tubes 
(95 per cent) failed to show tysis. The variation he accounted for on the law of 
chance that some of the tubes in the first series would receive more tlian their 
share of the particles while others would receive less, which in four tubes happened 
to be none. In the same way in the second series, which usually contains no bac- 
teriophage, an occasional tube will receive a phage particle and show lysis. 

Clark (7) discussed the theory of serial dilutions and stated that Bronfenbren- 
ner^s estimate, that 85 per cent of parallel titrations of the same bacteriophage 
would show lysis in the same tube of the series, did not check closely with what be 
calculated to be the most probable per cent of agreement that might be expected, 
which he claimed should be 60 per cent. He noted that Brofenbrenner’s estimates 
were more in the categor}'* of impressions and not computations from actual 
records. Likewise he did not feel justified in offering this lack of agreement as 
evidence against the particulate nature of the bacteriophage. 

If the bacteriophage is actually particulate, observations must 
approximate statistical requirements more closely than would be indi- 
cated in Clark’s paper. To determine whether or not the required con- 
ditions are fulfilled, experiments were set up in which the number of 
observations would be great enough to be statistically significant. 

In Experiment I five dilutions (1 X 10~®, 1 X 10“®, 1 X 10'^®, 1 X 10"^' and 1 
X 10“^-) of a bacteriophage active against the Hiss Y dysentery bacillus were 
made and each flask was seeded with the Hiss Y d 3 "senter 3 " bacillus. Each dilu- 
tion was then distributed in 5 cc. quantities into 160 sterile tubes and 18 hours 
later the number of tubes in which b^sis failed to occur was recorded. All the 
tubes in the 1 X 10“® series showed b^sis. The per cent failing to show b'^is in 
the other four dilutions are shown in Table I. The labor of distributing the dilu- 
tions in long series was greatly lessened by using special racks holding 10 tubes 
each which eliminated the necessity of handling cotton plugs. These racks were 
generousb" loaned to us b 3 ' the Department of Sanitar 3 ’’ Engineering of Harv'ard 
University. 
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In each of the three succeeding experiments the dilutions vrere made 
closer together and were chosen nearer and nearer the center of the 
curve, where observations tend to be more imiform than at the ends of 
the curve. The results of these experiments are likewise recorded in 
Table I. 


TABLE I 

Comparison of Theoretical and Observed Values 


Tubes faning to stow lysis 


Dilution of 
bacteriophage 

Eipcrimcnt I 
(160 tubes in series) 

Experiment 11 
(160 tubes in series) 

Experiment III 
(100 tubes in scries) 

Experimrct I\’ 
(150 tubes in series) 

Calcu- 

lated* 

Ob- 

served 

Calcu- 

Uted* 

Ob- 

served 

Calcu- 

Uted* 

Ob- 

served 

Calcu- 

lated* 

Ob- 

seri’ed 




ctrj 

Ptr eerj 

fer ctnl 

fer cent 

fin emS 

fier cmi 

firr cml 

ficr cerj 

10 

X 

10-10 

0.0 

1.8 







5 

X 

10-10 



0.05 

2.2 





3 

X 

10-10 





1.8 

2.0 



2 

X 

10-10 





6.9 

14.0 



1,58 

X 

10-10 



17.4 

11.4 





1 

X 

10-10 

28-9 

33.1 



26.3 

31.0 



0.8 

X 

10-10 







31.7 

31.9 

0.7 

X 

lO-io 







36.8 

37.8 

0.0 

X 

10-10 







42.2 

41.8 

0.5 

X 

10-10 



57.5 

58.7 

51.3 

47.0 

48.6 

47.9 

0.4 

X 

lO-io 





58.6 

54.0 

56.3 

58.6 

0.3 

X 

10-10 





67.1 

64.0 

65.3 

65.3 

0.2 

X 

10-10 





76.9 

75.0 

75.0 

76.0 

0.158 X 

10-10 



83,9 

85.0 





0.1 

X 

10-10 

88. 3 

85.6 



87.5 

SS.O 

86.7 

84.7 

0.03 

X 

10-10 



94.6 

93.7 





0 01 

X 

10-10 

98.7 

9S.1 




i 




* Estimalcd on ihc assumption that dilution 1 X 10->: contained the following 
number of phage particles per distributed volume: Experiment I, 1.244; Experi- 
ment II, 1.105; Experiment III, 1.337; Experiment IV, 1.439. 


\ arious workers have discussed methods of determining the most 
probable number of particles in a suspension when the numb^er of tubes 
of various dilutions which fail to receive a particle is known. Given 
the percentage of negative tests in various dilutions, the probable 
number of particles iri eadi dilution can be selected from tables ^ch 
as those recently published by Halvorson and Ziegler (8). 
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The most probable numbers of phage particles were read from this 
table by looking up the values of e"®, corresponding to the percentage 
of tubes negative for each dilution. This was done for each of the 
experiments. The values for the various dilutions m Experiment IV 
are recorded in Table II. The values were then reduced to a common 
base (1 X 10“^°) by dividing by the factor necessary to make the dilu- 
tion equivalent to that of the base. It will be seen that the figures in 
this coliuim fall quite closely together, the lowest being 1.300 and the 


TABLE II 


Calcnlation of the Most Probable Number of Phage Particles hi a Suspension 

{Experiment IV) 


Dilution of bacteriophage 

Tubes negative 

Most probable number 
of phage particles 
per distributed volume* 

Values in previous 
column reduced to com- 
mon base (dilution 

1 X io-w)t 

0.8 X 10-10 

i>er cent 

31.9 

1.150 

1.440 

0.7 X 10-i» 

37.8 


1.300 

0.6 X 10-i» 

41.8 

0.870 

1,430 

0.5 X 10-10 

47.9 

0.745 

1.470 

0.4 X 10-10 

58.6 

0.535 

1.340 

0.3 X 10-10 

65.3 

0.425 

1.417 

0.2 X 10-10 

76.0 

0.275 

1.375 

0.1 X 10-10 

84.7 

0.165 

1.650 






* lvalues taken from table published b)' Halverson and Ziegler, mentioned in the 
text. 

t Obtained by dividing 1.150 by 0.8, 0.975 by 0.7, etc. 


highest 1.650 phage particles per distributed volume. If a mean of 
these values is calculated, it gives the most probable number of phage 
particles in dilution 1 X 10~^® when all the dilutions are given equal 
weight. This mean in Experiment IV is 1.439. (In the other experi- 
ments the values are: Experiment I, 1.244; Experiment II, 1.105, 
Experiment III, 1.337. 

Using these means we can now go back to the table of Halvorson and 
Ziegler and read off the number of tubes which would be expected to be 
negative if various dilutions of the phage were set up against the homol- 
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ogous organism. A number of such values are recorded in Table I. 
In reading across this table, it vdll be seen that in most instances the 
observed values are fairly close to the calculated values. Such dis- 
crepancies as are noted are due to experimental errors and to chance 
variation. The variations due to chance could be stiU further re- 
duced by increasing the number of tubes in each series to 500 or 1000, 



Gravji 1 . This figure shows how dosdy the observed per cent (represented bv 
drdcs) of tubes failing to show lysis in \-arious dilutions of bacteriophage come to 
the theoretical curve (represented by the hcav\- line). 


but the values obtained seem to be accurate enough for the present dis- 
cussion. 

In order to be able to see at a glance how close the agreement is. a 
airvc repre-sented by the hea\y line was plotted in Graph 1 from the 
calculated values for Experiment IV. The actual obscjx-ations were 
shown as circles with figures to indicate to which experiment thev 
belonged. Hie circles follow the carx'c clo.sely. For the sake of sim'- 
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plicity the curves for the other three experiments were omitted and 
all of the observed values are compared to the one curve. The other 
three have the same shape but fall slightly higher than that of Experi- 
ment rV, which explains why so few of the observations of the first 
three experiments are below the line. Plotted against their own curve 
some observations would be above and some below the line. 



Graph 2. This figure demonstrates clearly that by decreasing the influence of 
cliance through increasing the number of tubes in a series the agreement between 
theoretical and observed values becomes closer and closer (graph made from fig- 
ures of Experiment IV). 

In order to show that it is necessary to make a large number of obser- 
vations before conclusions can be drawm, Graph 2 was made. In this 
graph the theoretical curve and the actual obseirv^ations in Experiment 
IV were plotted. Each of the large circles represents 150 tubes, as in 
Graph 1. By breaking up each series into three groups of 50 tubes, 
we can observe how much farther away from the curve the observa- 
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tions fall because of the decrease in the number in each series. The 
smaller circles represent observations of 50 tubes each. Breaking 
up each series still farther, we have 15 groups of 10 tubes each and the 
dispersion is still greater, as shown by the black dots. It is easy to see 
that if we had used only 10 to 20 tubes to a series there might have 
been some chance of the figures being so irregular as to cause doubt 
concerning whether there was any agreement betv\’een theoretical and 
observed values. Conversely, if we had used 1000 tubes in a series, 
the parallelism would have been more striking, because of the decrease 
in the influence of chance. 

These observations point strongly to the particulate nature of the 
bacteriophage. It is difficult otherwise to explain the closeness of fit, 
over so wide a range, of observ^’ed values with values computed from 
laws characteristic of particles in suspension. The bacteriophage ful- 
fills this important requirement of particulate entities in that it does 
not appear to exist in a medium except in association with something 
which is particulate. Speculation on how such an association would 
be possible without the bacteriophage being in itself particulate is not 
the purpose of this paper. 


smniARY 

Experimental evidence is brought for\\'ard to show that the bacterio- 
phage obeys very closely the laws of chance distribution of particles in 
suspension. 
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Recent investigations have shovTi (1-3) that the epithelium lining 
the kidney pelvis, ureter and urinaTy’' bladder is capable of dircctl^^ 
inciting osteogenesis in certain connective tissue areas in the dog, 
guinea pig and rat. This can be demonstrated most easih" by remov-' 
ing it from its normal environment b}^ transplantation. Provided 
the transplanted epithelium survives, it proliferates to form a cy-st 
containing brovm cloudy fluid, lined vdth epithelium and encapsulated 
by fibroblasts. In the parietal connective tissues, for example those 
of the abdominal wall, extremities, neck and others, the fibroblasts 
surrounding a portion of the cyst readily and always undergo osteo- 
blastic transformation and true bone is formed, containing fibrous 
and later blood-forming marrow. Other connective tissues such as 
those surrounding the epithelium in the urinary" tract, the fibroblasts 
'linthin the kidney cortex, liver and spleen, do not react to this epithelial 
stimulus, although the other conditions remain the same. Thus the 
evidence suggests that the mechanism preventing the formation of 
bone normally in the urinarv' tract lies in the presence of connective 
tissue functionally variant from the fibroblasts of the more parietal 
regions. 

In the present communication, evidence will be presented to demon- 
strate that a similar osteogenic function is inherent in the cnithclium 
of the gall bladder. During the course of the experiments, calculi 
composed chiefly of calcium carbonate were frcqucntlv obscrxxd and 
this phenomenon will also be briefly discussed, as vrill be further 
evidence that physiolopcal variations exist in connective ti=-uc- 
whicli appear morphologically similar. 
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LITERATURE 

The Gall Bladder and Bone Formation . — The gall bladder has been transplanted 
in three previous experiments. Nakamoto (4), investigating carcinoma of the 
gaU bladder, transplanted this organ to the abdominal wall in 18 guinea pigs and 
observed the formation of bone and cartilage within the transplanted organ; 
this author presented his results in brief form (one sentence) and made no mention 
of a causal histogenetic relationship. In the transplantation experiments of 
Stater (5) and Bauer and Hakki (6) bone was not observed. 

A spontaneous occurrence in man of a process closely analogous to the present 
experimental findings was observed by Micseh (7) who reported a necropsy where 
carcinoma of the gall bladder was found with metastases to the liver, lung and 
lymph glands. Both the original tumor and the metastases contained true bone 
and hematopoietic bone marrow. On microscopic examination the tumor pre- 
sented a papillary pattern in great part and the heterotopic bone was situated in 
connective tissue closely adjacent to the epithelial cells; in the tumor wherever 
bone was present, neoplastic epithelial cells were in intimate relationship to it. 

Bone in the human gall bladder in close association witli calculi as described by 
Phemister, Rewbridge and Rudisill (8) is probably not related to the phenomenon 
under present consideration. 

The Gall Bladder and Calcium Carbonate Calculi . — The occurrence of these cal- 
culi in man has been considered by Phemister (8, 9, Lit.) who has constructed a 
clinical syndrome associated with calcium carbonate deposition in the gaU bladder, 
Askanaz}'' (10) has discussed the finding of CaCOs microliths at necropsy. 

These stones have been observed experimentally by several investigators. Car- 
michael (11) introduced sterile and infected foreign bodies into tlie gall bladder of 
dogs and rabbits and found that calcium carbonate was deposited on the foreign 
surface. Rous, McMaster and Drury (12) found calcium carbonate in the proxi- 
mal portion of the tubing used by Rous and McMaster in their device for collect- 
ing bile under sterile conditions. Walsh and Ivy (13) found calculi in the gall 
bladder of 3 dogs with occluded cystic duct. Phemister, Day and Hastings (9) 
described calcium carbonate calculi in rabbits and a dog following cj’^stic duct 
ligation and injection of streptococci into the gall bladder. 

Methods 

Dogs and guinea pigs were used. The technique was that of transplantation. 
The animals were operated upon under ether, with asepsis, in 3 groups. In Group 
1 the dome of the gall bladder was excised and replaced b}^ a circular, free patch of 
connective tissue covering the rectus abdominis muscle, about 2.5 cm. in diameter; 
the repair was made by continuous suture with one la^^er of fine silk. Group 2 
was identical to Group 1 except that the patch consisted of connective tissue, mus- 
cle and peritoneum obtained from the dome of the urinar>" bladder by denuding its 
mucosa. It was sutured in place so that the serosa faced the peritoneal cavity. 
In Group 3, the gall bladder was excised, opened and sutured to the fascia of the 
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anterior abdominal wall and to the wall of the stomach. At the termination of 
the experiment x-ray photographs of the specimens were taken, after which serial 
sections of the material were made for histological examination. 

RESULTS 

Groiip 1. Transplantation of Abdominal Connective Tissue to Gall 
Bladder . — ^Four experiments were done and the dogs were killed at 46, 
SO and 56 days. At necropsy in every case the transplant was found 
surrounded by omental adhesions, markedly shrunken, verv* hard to 
the touch and showing an area of calcium density in the .x-ray photo- 
graph. Microscopic examination showed that the cylindrical epithe- 
limn had grown over the patch in a single layer of cells much less 
papillary than the original lining of the gall bladder but otherwise 
identical wnth it. This difference together with the presence of the 
sutures and the absence of smooth muscle clearly demarcated the 
transplant. In each instance there was found a thin plaque of bone 
with marrow spaces filled with connective tissue, confiined strictly to 
the transplant. A narrow zone of fibroblasts, two to twent}- cells in 
depth, separated the epithelium from the bone. The surface of the 
bone was covered with a palisade of osteoblasts and a few osteoclasts. 

The possible influence of bile on this process was excluded by empty- 
ing the gall bladder and ligating the cystic duct at the time of trans- 
plant in 3 other dogs. In 2 dogs epithelium grew across the patch 
and bone was found in the subepithclial layers of the transplant, 
identical with that found in bile-containing gall bladders. In the third 
dog, due to infection, a P3'0genic membrane formed on the surface 
of the transplant and bone was not found in this e.xperiment. In each 
instance the gall bladder was found filled with mucus, in one instance 
thin and limpid, and in the others thick, tenacious and inspissated. 
In this mucus in all of the dogs, and embedded in the pyogenic mem- 
brane of the infected transplant in one, microliths were found and 
chemical examination of the larger of these showed them to be com- 
posed chiefly (91.4 per cent) of CaCO, with no trace of inorganic phos- 
phorus. The largest stone was 3x2x1 mm. but the great majority 
were microscopic in size, 10-50/r in diameter. Some of these stones 
took a purple stain with hematoxylin, while others were colorless. 
Most of the stones were spherical and laminated in shape, but there 
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also occurred a wide variety of configurations, ellipsoid, budding 
forms, etc. 

Group 2. Transplantation of Urinary Bladder Connective Tissue 
and Muscle to Gall Bladder. — This procedure was carried out in 3 dogs 
and necropsy was made 36 days later. The gall bladders were not 
unduly distended, contained 8-15 cc. of bile. In each case there were 
adhesions about the gall bladder, and omentum was attached to the 
fundus. X-ray photographs in contrast to the previous cases failed 
to show bone. On section the surface of the patch was glistening; in 


TABLE I 

Results in Group 3. Transplantation of Gall Bladder to Abdominal Wall in 

Guinea Pigs and Dogs 


Guinea pigs 

Dogs 

13 days: Osteoid tissue 

7 days: No bone 

14 days: True bone present 

16 days: No bone 

15 days: No bone — infection ' 

18 days: No bone 

15 days: Osteoid tissue 

29 days: No bone 

17 days: True bone present 

41 days: Bone present 

17 days: True bone present 

46 da)^s: Bone present 

19 days: True bone present 

19 days: No bone 

21 days: Bone present 

23 days: Bone present 

23 days: Bone present 

27 days: Bone present 

34 days: Bone present 

48 days; No bone 

1 


one instance the suture material had partially extruded into the lumen 
at one point and the epithelium here was edematous. 

Microscopic examination showed that cylindrical epithelial cells 
of the gall bladder had grown over the patch. There was a marked 
tendency of the epithelium to grow down along the silk between the 
patcli and the gall bladder wall and in several places it reached the 
serosa. A partial atrophy of the smooth muscle of the transplant 
occurred, but numerous compact bundles of these cells could be identi- 
fied easily. The epithelium covering the transplant rested on. con- 
nective tissue. There was no formation of bone at any place. 

Group 3. Transplantation of Gall Bladder Epithelium to Connective 
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the organism, manifesting itself in potency or impotence to form 
bone. Further data on physiological differences of fibroblasts have 
been obtained in other ways by Parker (14-16) and by the one of the 
present authors (2, 17). It is of interest that carcinomatous gall 
bladder epithelium has once been observed (7) to cause bone to form 
from the connective tissue of the gall bladder. 

It is our concept derived from the evidence obtained in these experi- 
ments that this bone is not an unusual, bizarre response to the adja- 
cent, geographically abnormal epithelium, but that it is a normal and 
usual reaction of certain connective tissues. Thus the evidence shows 
that it is the subepithelial connective tissue which fails to respond to 
the osteogenic stimulus of the overlying epithelixim and thus prevents 
the formation of an osseous layer in the gall bladder under normal 
circumstances. 

The total absence or the small size of the bone fragments in Group 
3 must be considered. In each case the fibromuscular mechanism of 
the gall bladder was not dissociated from the epithelium. It is prob- 
able that growth of these transplanted fibroblasts, which are incapable 
of forming bone, occurred, sequestering the growing epithelium in 
large part or completely from the fibroblasts capable of forming bone. 

The osseous transformation of the connective tissue develops after 
its cells have swollen and become basophilic to hematoxylin so that 
they correspond to osteoblasts. Osteoblasts are not present in these 
cell areas of the abdominal wall, and this observation is evidence that 
the osteoblast is derived by metaplasia of certain connective tissue cells. 

The formation of the calcium carbonate microliths in the gall bladder 
mucus is related, as Phemister has shown, to the cystic duct occlusion. 
It is apparent that an abnormal surface such as tlie cannula system 
of Rous, the glass beads of Carmichael and the connective tissue 
patches as here, facilitates deposition and growth of the calculi. 

SUMMARY 

Evidence is presented tliat the proliferating gall bladder epithelium 
in the dog and guinea pig is capable of stimulating bone formation m 
certain connective tissues such as the abdominal wall. Other connec- 
tive tissue areas such as tlie subepithelial connective tissue of the gall 
bladder and urinary bladder do not share in this tissue reaction and 
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resist the bone stimulus of the epithelium. The formation of bone 
in these circumstances is thus biphasic. 

A difference between connective tissues morphologicall}’' identical 
can be proven physiologically, by their response to the osteogenic 
stimulus of appropriate epithelia. 

Calcium carbonate microliths occurred in the mucus of the occluded 
gall bladder in which there was transplanted connective tissue forming 
part of the wall. 
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EXPLANATION OF PL.VTES 

The stain used in preparing the photomicrographs was hcmatox>-lin and cosin. 

Plate 17 

Fig. 1. Transplantation of connective tissue of the abdominal wall to the fun- 
dus of the gall bladder at 46 da^^s. The epithelial surface is above, and the serosa 
(5) below. A thin layer of bone confined to the transplant is seen beneath cpi- 
thclium. The l>onc has been decalcified. X 15. 

Fig. 2. A higher magnification of a part of the epithelium and bone (B) of Fir 
1. X 185. 

Fig. 3. Somewhat tangential section of abdominal wall transplant to fundus of 
gall bladder with occluded c>*slic duct, showing bone (B) in dose assodaiion with 
the gall bladder epithelium. The bone has not been dccalciricd. X 70 
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Plate 18 

Fig. 4. Transplantation of connective tissue and muscle of the urinarj’’ bladder 
to the dome of the gall bladder at 36 days. One-half of the transplant is shown 
with the serosal surface (S) below and the epithelium above. The normal gall 
bladder wall is at the left and between this and the transplant there has been 
an invagination of epithelium along the sutures. . Smooth muscle bundles of the 
bladder wall maj'^ be seen. The epithelium has grown across the fibroblasts of 
the transplant but bone has not formed. X 15. 

Fig. 5. Transplantation of gall bladder epithelium to abdominal wall of guinea 
pig at 17 da 5 's. Vesicles lined with gall bladder epithelium are seen vnth closely 
adjacent islands of partly calcified bone {B). X 125. 

Fig. 6. Transplantation of gall bladder epithelium to abdominal wall in the dog 
at 42 daj’-s. Calcified bone is seen separated from the epithelium bj’' a thin layer 
of fibroblasts. X 250. 


Plate 19 

Fig. 7. Microliths composed chiefly of calcium carbonate embedded in granula- 
tion tissue of a fascial transplant to the gall bladder for 40 days. X 300. , 

Fig. 8. Same as Fig. 7, showing various shapes of the microliths. X 185. 

Fig. 9. Same as Fig. 7. X 360. 
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THE RACES THAT CONSTITUTE THE GROUP OF COJHMON 

FIBROBLASTS 

III. Dhterekces Determiked by Origin of Explant and Age 

or Donor 

By RAYilOXD C. PARKER, Ph.D. 

{From the Laboratories of The Rockefeller InslUulc for Medical Research) 

(Received for publication, June 6, 1933) 

The purpose of the experiments described in this article was four- 
fold: first, to study the extent to which the functional differences 
that distinguish the various races of fibroblasts may be determined 
by the particular part of the organism from which they are derived; 
second, to study the extent to which these differences may be deter- 
mined by the age of the indmdual from which they are obtained ; third, 
to ascertain whether or not the differences are permanent; and fourth, 
to discover, if possible, the factors that are responsible for them. 

Functional Differences Determined hy the Origin of the Explani 

Five scries of strains have been studied, each scries comprising eight to twenty 
races of fibroblasts that were isolated simultaneoush' from different parts of a 
single chick cmbr>*o and culti\"ated for as long as 10 successive weeks (ten passages) 
in a medium consisting of chick plasma and chick embr\’onic tissue juice diluted 
vdth T>Todc solution. Of the five series, four were derived from 16 day chid: 
cmbiv'os and one from a 17 day embn'o. The strains were obtained from the 
follov.'ing tissues and organs: bone, cartilage, liver, lung, mesonephros, meta- 
nephros, oviiry, pancreas, sali\'ar>' gland, spleen, testis, th\Toid, musculature of 
the heart, breast, esophagus, crop, proven tri cuius, gizzard and small intestine, 
skdclal musculature of the lower limb, and of the aorta. From the moment 
of their isolation, the Nations strains comprising each scries were culth*atcd under 
conditions as nearly identical as it was possible to make them. The techniques 
employed were the usual ones in\*ol\ing the flask procedures. After a few passages, 
the cell popuhlion was rendered uniform by selection of only the marginal areas 
of outgrowth at the time of transfer. 

Aside from making a comparative study of the rate of growth of the \*arious 
cell races, and of their ability to digest the fibrm of the coagulura, tests were carried 
out from lime to time to determine the relative changes that took place m the 
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THE RACES THAT CONSTITUTE THE GROUT OF COIHjMON 

FIBROBLASTS 


III. Differences Determined by Origin of Expl-ant and Age 

or Dokor 

By RAYMOND C. PARKER, Ph.D. 

{From Ihc Laboratories of The Rockefeller Institute for Mcdjca! Research) 

(Received for publication, June 6, 1933) 

The purpose of the experiments described in this article ’^'as four- 
fold: first, to study the extent to vrhich the fimctional dififerences 
that distinguish the various races of fibroblasts may be determined 
by the particular part of the organism from which they are derived; 
second, to stud}" the extent to which these differences may be deter- 
mined by the age of the individual from which they are obtained; third, 
to ascertain whether or not the differences are permanent; and fourth, 
to discover, if possible, the factors that are responsible for them. 

Functional Differences Determined hy ihc Origin of the Explant 

Five series of strains have been studied, each scries comprising eight to twenty 
races of fibroblasts that were isolated simultaneously from different parts of a 
single chick cmbiyo and cultiotcd for as long as 10 successive weeks (ten passages) 
in a medium consisting of chick plasma and chick embr>’onic tissue juice diluted 
with T\Todc solution. Of the five series, four were derived from 16 day chid: 
cmbiyos and one from a 17 day cmbr>' 0 . The strains were obtained from the 
following tissues and organs: bone, cartilage, liver, lung, mesonephros, meta- 
nephros, o\'aiy, jwincrcas, salivwr}- gland, spleen, testis, th>Toid, musculature of 
the heart, breast, esophagus, crop, proven triculus, gizzard and small intestine, 
skeletal musculature of the lower limb, and wall of the aorta. From the moment 
of their isolation, the \-arious strains comprising each series were culti\’alcd under 
conditions as nearly identical as it was possible to make them. The techniques 
cmpIo>-cd were the usual ones invohang the flask procedures. After a few 
the cell population was rendered uniform by selection of only the marginal areas 
of outgrowth at the time of transfer. 

Aside from makmg a comparative study of the rate of growth of the ^-arioiis 
cell races, and of their ability to digest the fibrb of the ccagulum, tests were carried 
out from lime to lim.e to determine the relative changes that took place in the 



402 


RACES CONSTITUTING COMMON FIBROBLASTS. HI 


acidity of the medium in which they were cultivated. For this purpose, a dilute 
solution of phenol red (0.005 per cent) was added to the medium, after which the 
hydrogen ion concentration was adjusted to 7.6 by introducing into the flask a 
gas mixture comprised of 3 per cent CO 2 , 21 per cent Oj, and 76 per cent N (at 
atmospheric pressure). The changes produced in the various cultures were then 
read at 24 or 48 hour intervals by comparing them with a standard series of flasks 
of known pH values. 



Text-Fig. 1. Diagram representing the rate of multiplication of fourteen strains 
of fibroblasts isolated from the liver {Lv.), mesonephros (Ms.), ovarj^ (0.), aorta 
(^.), heart (H.), metanephros (Mt.), lung (Lg.), bone (5.), spleen (5.), stomach 
musculature (St. m.), cartilage (C.), thyroid (T.), breast musculature {Br. in), 
and skeletal musculature {Sk. in), of a 16 day chick embrj^o, and cultivated in a 
mixture of plasma and embr 3 'onic tissue juice; from planimetric measurements of 
the areas attained by the colonies on the 6th day of the seventh passage. 

Other experiments were designed to test the ability of the various strains to 
survive and grow in a medium of relatively high acidit}'. Here, the cultures 
were subjected to a gas mixture composed of 20 per cent CO 2 , 21 per cent Oj, 
and 59 per cent N, this combination having been found to produce a pH of 6.5. 

The results of the experiments showed that the various races, accord- 
ing to their origin, differed from one another in their rate of multiplica- 
tion in a given medium, in the relative changes that took place in the 
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acidity of that medium, in the relative degree of acidity they were able 
to withstand, and also in their ability to digest the fibrin of the 
coagxilum. 

The rate of multiplication of fourteen strains comprising one par- 
ticular series is represented diagrammatically in Text-fig. 1. These 
strains were isolated from aorta, bone, breast musculature, cartilage, 
heart, liver, lung, mesonephros, metanephros, ovary, skeletal muscula- 
ture, spleen, stomach musculature, and thyroid of a 16 day embrj-o, 
and were cultivated for 72 days (eleven passages) under the same envi- 
ronmental conditions. The major differences in the rate of prolifera- 



Text-Fig. 2. (a) Diagram representing the rate of multiplication of strains 
of fibroblasts isolated from the mesonephros (Ms,) and metanephros (3//.) of a 
16 day chick embr>’ 0 , and cultivated in plasma and embrv'onic tissue juice; from 
planimetric measurements of the areas attained by the colonics on the Sth day 
of the fifth passage. 

(6) Another experiment made on similar strains from an cmbiyo of the same age. 

tion manifested by the various strains on a common medium were 
maintained from passage to passage indefinitely. As can be seen 
from Text-fig. 1, fibroblasts derived from ihel iver displayed the lowest 
growth energy' of any of the scries, whereas those from skeletal muscle 
showed the highest. The strains that possessed a high growth energy, 
for example fibroblasts from skeletal muscle, breast muscle, etc., 
liberated a relatively large amount of acid into the medium and v/ere 
able to withstand a medium of high acidity-. These properties were 
not necessarily accompanied, however, by a marked ability to digest 
fibrin. ITius, while fibroblasts derived from the lung and spleen, 
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and from the various regions of the digestive tract, multiplied, as a 
general rule, at a slower rate and produced less acid, they rapidly 
digested the fibrin of the coagulum. This was also true of fibroblasts 
from the thyroid, although in this case the colonies grew in an ex- 
tremely thin layer, much thinner than has ever been observed for 
other races of fibroblasts. 

Of particular interest, however, were the strains derived from the 
mesonephros and metanephros, respectively. It will be noted that 
the cells from the metanephros multiplied more rapidly than those 
from the mesonephros (Text-figs. 1 and 2 a). Some years ago, 
Schmalhausen^ weighed and measured a great number of the compo- 



Text-Fig. 3. Changes in the relative size of the mesonephros (il/j.) and meta- 
nephros {Mt.) during tlie embryonic life of the chick, expressed as percentages 
of the total weight of the body (constructed from Table 6, SchmaUiausenO- 


nent structures of developing chick embryos. For presentation at 
tliis time, a graph has been constructed from a table in which he showed 
the relative increase in weight of various embryonic organs throughout 
the incubation period (Text-fig. 3). On the 16th day, when the above 
mentioned strains were isolated, it will be seen from Schmalliausen s 
data that the metanephros, or permanent kidney, is undergoing rapid 
development. On that same day, the mesonephros, a more primitive 
structure, is disappearing. From the standpoint of the present inves- 
tigation, it Avas most significant, therefore, that the cells derived from 


' Schmalhausen, J., Arch. Entwcklngsmcchn. Organ., 1927, 110, 33. 
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the developing metanephros proliferated more actively than those 
from the degenerating mesonephros. This experiment was later 
repeated with strains isolated from corresponding parts of another 
embryo of the same age and species. The results were comparable 
with those already obtained (Text-fig. 2 6). 

Fuiictioncil Di^erences Determined by the Age of the Donor 

Two groups of experiments were made in order to study the extent to which 
the fimctional properties of fibroblasts are determined by the age of the embiyo 



Text-Fig. 4. Diagram representing the rate of multiplication of eleven strains 
of fibroblasts isolated simultaneously from the Jf. tibialis ar.icricrr of chick cmbr>*o 5 
of eleven diilcrcnt ages, and culti\'alcd in plasma and cmbr>*onic tissue Juice; 
from planimctric measurements of the areas attained by the colonics on the 6th 
day of the fifUi passage. 

from whidi they arc derived. The first group included five scries, each series 
consisting of five to twelve strains isolated from the apex of the ventricle of cm- 
br>-os ranging from 6 to 20 (bys in age. The second group also included five 
series of five to twelve strains each, these ha\nng been bobted from tlic titaclis 
cKterier of cmbr>*05 of diucrent ages. Comparative studies were made of the 
relative abilities of the aurious strains of each series to multiply in a medium con- 
si-.ting of pbsm.'i and embryonic tissue juice diluttxi with T\Todc solution. This 
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was done by recording theur rate of proliferation for each subsequent passage 
over a period of weeks. As before, the strains comprising each experimental 
series were isolated at one time and were treated alike throughout ’ the entire 
period of their cultivation. 

The rate of multiplication of the fibroblasts differed according to 
the age of the embryo from which they were isolated. There was 



Text-Fig. 5. Diagrams representing the rate of multiplication of strains of 
fibroblasts isolated simultaneously from the heart and skeletal musculature of 7 
and 19 day cliick embryos, and cultivated in plasma and embr}'onic tissue juice; 
from planimetric measurements of the areas attained by the colonies on the 7tli 
daj’ of the fifth and seventli passages, respectively. 

never, in all the series that were studied, a gradual increase or decrease 
in the rate of proliferation of strains isolated from corresponding parts 
of embr 3 ’’OS of increasing ages (Text-fig. 4). It w'as frequently found, 
for example, that muscle fibroblasts from embryos around 13 days of 
age multiplied more slowly than those from either older or younger 
embrj'^os. Also, there were often decided peaks in the proliferative 
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rate of strains that were isolated on or about the 10th and 17th days 
of embryonic life. 

The series of strains from the developing heart behaved quite dif- 
ferently from those obtained from muscle. To illustrate this, refer- 
ence is made to an e.'speriment including cell races that were derived 
simultaneously from both the heart and skeletal muscle of 7 and 19 
day embryos, respectively, and cultivated under the same environ- 
mental conditions from the moment of isolation (Test-fig. 5). Al- 
though the heart fibroblasts obtained from the younger embrj-o proved 
to be more active than those derived from the older, the effect of age 
was quite the reverse in the case of fibroblasts from the skeletal muscu- 
lature. 

It was also observed that, whereas the major differences found to 
exist between the various strains belonging to a given series were main- 
tained from passage to passage indefinitely, it could not be predicted 
from one particular series how the strains of a second series would 
behave, even when the tissues were isolated from corresponding parts 
of embr>'os of the same age and species. As a matter of fact, it was 
never safe to assume that two cell strains would react identically to 
the same conditions, even when they were isolated simultaneously 
from closely adjacent parts of the same tissue or organ and cultivated 
together on the same medium. Furthermore, the two halves of a single 
culture could not be relied upon to display the same properties until 
the strain it represented had become homogeneous and composed solely 
of fibroblasts. In order to attain this condition, it was nccessarj* to 
pass the cultures through several passages and to discard all but the 
outer margin of outgrowth. 

The Ability oj the Various Races to Retain Their Functional 
Characteristics Indefinitely 

It has already been intimated that the functional differences dis- 
tinguishing the various races of fibroblasts are permanent, that thev 
persist indefinitely in vitro. Even after months of cultivation, strains 
that were isolated from different parts of the same embrj-o continued 
to manifest those properties that had characterized themb the begin- 
ning. Cell strains endowed with a high capacity for multiplication on 
a given medium continued to manifest that property. Strains pos- 
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sessmg an unusual ability to digest fibrin continued to do so for passage 
after passage. This was equally true of differences dependent upon 
the age of the individual. 

In an attempt to change the character of certain races by altering 
the nature of their environment, two groups of experiments have been 
made. The first group was designed to test the permanence of differ- 


a b c 



Text-Fig. 6. Diagrams representing the rate of multiplication of strains of 
fibroblasts isolated simultaneously from heart and bone of a 13 day chick embr 3 ^o, 
and afforded identical treatment from the beginning until tlie 97th day, 

(a) The behavior of the strains for the final passage of this period of identical 
treatment (o). 

(b) The rate of multiplication of the same strains for tlie last of four successive 
passages during which time the fibroblasts from heart were subjected to more tlian 
the usual amount of embrj^onic tissue juice (+), and tlie fibroblasts from bone to 
less than the usual amount (— ). 

(c) The rate of multiplication of the strains after tlie pre\nous treatment had 
been discontinued, and both strains had again been cultivated in the same medium 
(o) for three successive passages. 

ences determined by the particular organ or tissue supplying the 
strains (Text-fig. 6) ; the second, to test tlie permanence of differences 
determined by the age of the embr3^o from which the strains were 
derived (Text-fig. 7). 

The material used in connection with the first group of experiments consisted 
of two races of fibroblasts from a 13 day chick embiy’o, one race ha\dng been iso- 
lated from the v’cntride of the heart, the other from the periosteum of bone. 
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Both strains vrere treated alike for 97 dzys (seventeen passages), during which 
time they were cultivated in a medium consisting of chick plasma and chick 
embr>'onic tissue juice diluted with T>Tode solution (Text-fig. 6 a). At the nine- 
teenth passage, the two strains were transferred to media of different composition, 



Age 0| embryo in dey^ 

Text-Fig. 7. Diagrams representing the rate of multiplication of strains of 
fibroblasts isolated simultaneously from the 3/. lihialis anUrior of 10 and 21 day 
chick cmbiy'os, and subjected to identical treatment from the beginning until 
the 38th day. 

(a) Tlic bcha\ior of the strains for the final passage of this period of identical 
treatment (o). 

(f)) Tlic rale of multiplication of the same strains for a 7 day period, during 
which time the fibroblasts from the 10 day cmbiy'o were treated with more tlian 
the usual amount of cmbiyonic tissue juice (-f ), whereas those from the 21 day 
cmbr>*o received less than usual ( — ). 

(r) Tlic rate of multiplication of the strains after the prenous treatment had 
been discontinued, and both strains had again been culthatcd on the same medium 
(o) for two passages. 

id) TIic rate of multiplication of the strains after they had been culti\-ated 
on the same medium (o) for an additional period of six passages. 


the heart fibroblasts l>cing cultixTitcd in a medium containing much more than the 
usual amount of cmbnonic tlsue juice, while the fibroblasts from bone were 
pheed in a medium in whidi the quantity of liisuc juice was greatly diminished- 



410 


RACES CONSTITUTING COMMON FIBROBLASTS. Ill 


This treatment was continued for 26 days, through four passages (Text-fig. 6 6). 
At the end of that time, when the overfed heart fibroblasts were dividing at a 
much higher rate than the starved bone fibroblasts, tlie two strains were again 
placed under the same environmental conditions. Almost immediately, they 
reverted to their original rate of multiplication, and after three passages on a com- 
mon medium they both displayed the same characteristics that had distinguished 
them in the beginning (Text-fig. 6 c). 

The second group of experiments was carried out in much the same manner. 
Two races of fibroblasts were isolated simultaneously from skeletal muscle removed 
from the lower limbs of 10 and 21 day chick embryos. WTien cultivated under 
the same environmental conditions, the cell strain derived from the 21 day embrj’o 
showed a rate of multiplication that was consistently higher than that manifested 
by the strain from the younger embryo (Text-fig. 7 a) At the ninth passage, the 
10 day strain was treated with more than the usual amount of embryonic tissue 
juice, the 21 day strain with less (Text-fig. 7 h). The result of this was similar to 
that obtained with the races from heart and bone. The rate of multiplication 
of the strain from tlie 10 daj^ embr}' 0 , which had originall}'^ been much lower tlian 
that of the strain from tlie older embr 3 ^o, now became the greater of the two. 
After this treatment had been discontinued, the two races were again placed in 
media of like composition. The original characteristics reappeared (Text-fig. 
7 c), and continued to persist until the termination of the experiment, at whicli 
time the two types of fibroblasts had been cultivated in vitro for a total period 
of 109 daj^s (Text-fig. 7 d). 

DISCUSSION 

The experiments have shown that the ability of the common con- 
nective tissue cells, or fibroblasts, to multiply in a given environment 
depends not only upon the nutritional quality of the latter, but also 
upon the inherent capacities of the cells themselves. Fibroblasts, 
as a group, comprise many cell races. Eacli race manifests certain 
specific functional properties when cultivated in vitro. These proper- 
ties differ according to the age of the individual and also according 
to the particular organ or tissue from which the strain is derived. 
They are displayed in the relative abilities of the various races to live 
and reproduce in a given environment, to produce marked changes in 
the acidity of that environment, and to digest fibrin. 

It has generally been assumed that the rate of multiplication of 
fibroblasts cultivated in vitro decreased in simple inverse ratio to the 
age of the individual from which they were isolated. WTiile this may 
be true of fibroblasts isolated during postnatal development, the 
present experiments have show'n that it does not hold for cell races 
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tempt to gain precise information as to some of the time relations of de- 
velopment. He calculated tlie percentage growth rates and also the 
relation between the weights of the organs, expressed as percentages 
of the total weight of the body. The growth rate of each organ was 
found to depend upon its own age rather than the age of the entire 
organism. Also, while the majority of the organs studied made their 
appearance in the embryo at different times, their percentage growth 
rates showed definite changes throughout the course of embrjnnic 
development. Almost every organ showed, at some time during its 
development, a marked peak in its percentage growth rate, which 
peak was immediately followed by a gradual decline. Each of these 
changes resulted from a short period of rapid increase in the percentage 
growth rate of the organ, followed by a like period of decrease. The 
amount of this rise and the time of its occurrence differed in different 
cases, and was thus a characteristic of the organ itself. Even during 
the descent, however, the growth rate showed a similar series of abrupt 
changes, each expressing periods of increase followed by periods of 
decrease, and each being less pronounced than the one before. As a 
rule, all of these changes were synchronous for the various organs. 

The findings of Schmalhausen,^ together with the results of the 
present experiments, suggest that the rate of proliferation shown by 
the component cells of the various organs upon isolation depends 
solely upon whether the part removed from the organ in question was, 
at the moment just prior to isolation, going through a period of increase 
or one of decrease. If this is so, it would also depend upon whether 
the rate of increase, or decrease, at the moment was rapid or gradual. 
In other words, the results indicate that the physiological condition 
of the organized structures is reflected in the functional properties 
of their component elements. This contention has been amply sus- 
tained by the observations reported in connection with the cell strains 
obtained from the mesonephros and metanephros at the time when the 
latter was giving place to the former. Under the same environmental 
conditions, the fibroblasts derived from the developing metanephros 
multiplied at a faster rate than those from the degenerating meso- 
nephros. 

Some years ago, Cohn and Murray,- who were among the first to 

- Cohn, A. E., and Alurray, H. A., Jr., /. Exp. Med., 1925, 42, 275. 
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apply the in vitro techniques to the study of phj-siological ontogeny in 
the chick, measured the latent period and the growth index of frag- 
ments of heart that were isolated from 4 to 18 day old embrj'os and 
placed for incubation in coagulated chick plasma. The latent period, 
which was defined as the time that intervened between the incubation 
of a culture and the first appearance of cells protruding from the 
peripheral margin, was found to increase with age. The growth index 
was estimated from the area of the original fragment and the area 
of outgrowth after 24 and 48 hours. Unlike the latent period, it 
showed a marked decrease with age. The conclusion was reached 
that differences due to age signified a habit of slow growth imposed 
upon the cells by definite changes in the organized en\dronment of 
the embrj^o. After 36 hours or so, this habit was lost and the tissues 
grew at a rate determined solely by their en\ironment. 

In so far as the latent period was concerned, Cohn and Murray* 
went no further than to show that it was related in some way to the 
age of the tissue. Even today, nothing more can be said. At an\" 
rate, there is no legitimate reason for assuming that there is a direct 
correlation between the latent period of outward cell migration and 
the specific properties of the cells directly concerned. Marked changes 
arc known to take place in the organs of the indhddual during develop- 
ment. It usually happens, for example, that there is a gradual in- 
crease in the density of the connective tissue proper and in the amount 
of intercellular substance it contains. This being true, the cells of 
older organs would, of necessity, require a longer time to invade the 
medium than those of younger structures that arc less densely popu- 
lated and of looser texture. 

The techniques in use at the time of the earlier c,\7)erimcnts v/erc 
extremely primitive. Furthermore, it was not unusual to limit obser- 
vations of a functional nature to the behavior of tissues freshly extir- 
pated from the organism, thereby eliminating the possibility of 
obtaining pure strains. In the case of Cohn and Murray’s* work,* this 
proccfiurc was considered adequate at the time, inasmuch as it was 
assumed by them that th.cy were dealing mainly with fibroblasts, and 
that all fibroblasts in the body were alike. It had not yet been fullv 
realircd that a fragment of tissue freshly cxplantcri from* the organism 
contains a great variety of cell t> 7 >cs, and that marked diffcrcnc^ mav 
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sometimes exist between fragments coming from different parts, even 
when these parts are closely adjacent. 

Aside from the information that has been obtained concerning the 
different races that constitute the group of common fibroblasts, tlie 
present experiments have indicated, therefore, the necessity of exer- 
cising the greatest possible care in selecting material for comparative 
physiological studies on cells in vitro. They show that pure strains 
and controlled environmental conditions are fundamental prerequisites 
for each and every attempt that is made to investigate the functional 
properties of cells, and how these cells may affect, or be affected by, 
the medium in which they are cultivated. 

SUMMARY AND CONCLUSIONS 

1. Races of fibroblasts that are functionally distinct have been 
isolated from the various tissues and organs of a single chick embrj^o. 

2. Functionally distinct races of fibroblasts have also been isolated 
from corresponding parts of embryos of different ages. 

3. Under the conditions of the experiments, and for the particular 
races of fibroblasts that have been studied, it has not been possible to 
demonstrate a gradual decrease, or a gradual increase, in the rate of 
multiplication of fibroblasts obtained from corresponding parts of 
embryos of gradually increasing ages. 

4. Experiments made on strains of fibroblasts derived from the 
mesonephros and metanephros of a 16 day cliick embryo have indi- 
cated that the rate of multiplication of these cells in a given medium 
reflects the physiological state, at the moment of isolation, of the 
particular part of the embryo from which they are obtained. 

5. The rate of multiplication of a given race of fibroblasts in a par- 
ticular medium does not serve, necessarily, as an index of the age of 
the individual from which the race is derived. 

6. The functional differences that distinguish the various races of 
fibroblasts are permanent; they are retained by the cells from passage 
to passage indefinitely, despite such attempts as have thus far been 
made to change them. 
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Pseudorabies has now been reported as occurring in Hungary' (Au- 
jeszky, 1902, and many others), Brazil (Carini and Maciel, 1912), 
United States (Shope, 1931, 1932), Denmark (Bang, 1932) and Hol- 
land (Burggraaf and Lourens, 1932) . Although in this disease nervous 
sj'mptoms are prominent, usuallj' no lesions other than vascular con- 
gestion have been found in the nerv'ous system. Ffilger (1932) found 
hemorrhages and less often perivascular infiltration in cattle, but not 
in cats or rabbits. Among others, Bertarelli and Mclli (1913), Sang- 
iorgi (1914) and Fjflger have failed to detect cellular inclusions. In 
rabbits and guinea pigs, the e.YtraordinariIy rapid course of the malady, 
measured in hours, presumably allows little time for the development 
of gross pathological changes. Nevertheless characteristic lesions, 
identical whether the Aujeszky virus or Shope’s Iowa strain (“mad 
itch”) is employed, are usually present. In the following pages a 
description of these lesions is given. 

Technique 

The source of virus consisted of the supernatant fluid from a 10 per 
cent suspension of brain tissue of rabbits succumbing to intracerebral 
inoculation; no growth of visible bacteria occurred on culture. The 
c.xperimcntal animals were killed when moribund, or obtained immedi- 
ately after death, and their nervous systems subjected to full eiamina- 
tion by ncuropathological methods. 

415 
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Lesio7is in the Rabbit 

After hitradennaf Suhciilancous and Intramuscidar Inocidation. — Locally, after 
12 hours, there was a lively inflammatory response indistinguishable from that 
following the introduction of normal brain emulsion similarly prepared; pol}Tnor- 
phonuclear leucocytes, l}Tnphoc 3 ^tes and a few macrophages were present, but no 
cellular inclusions were seen. From 16 hours onward changes became progres- 
sively more marked and greatly surpassed those due to normal brain, which gradu- 
ally subsided. Occasional inclusions (see below) were present in connective tissue 
and capillary endothelial nuclei. At 24 to 30 hours cellular infiltration was more 
intense; large numbers of polymorphonuclear leucocytes, many karyorrhectic or 
ingested b}^ macrophages, marked the centre of the lesion, while at the peripher}^ 
l^miphocytes and eosinophils were numerous. Muscle fibres stained poorly, witli 
diminished striation. Inclusions were rather more numerous. From 40 hours 
onwards extensive necrosis of muscle or connective tissue was evident; even where 
a minimal aunotmt of virus had been introduced by scarification, a tin}^ necrotic 
focus could be foimd in the subepithelial tissues. Necrosis was tlius not dependent 
upon the trauma of biting and scratching which followed later. Inclusions, though 
not numerous, could now be detected also in lymphocytes, macrophages, epidermal 
cells bordering a scratcli, and occasionally in sarcolemmal nuclei. The local 
lymph glands were acutely inflamed. 

The finest nerve twigs and nerve endings participated, of course, in tliis local 
inflammation. By the 40th hour definite signs of inflammation were visible in 
the nerve leaving the inoculated area. Lymphoc 3 des, a few pol 3 TOorphonuclear 
leucocytes and occasional macrophages occurred in the connective tissue sheath, 
around small vessels and in small foci between the nerve fibres. Careful searcli 
revealed scanty inclusions in tlie nuclei of the sheath of Scliwann. During tlie 
period of the developed disease similar changes were sometimes found in tlic upper 
part of the sciatic nerve (after inoculation into the calf); lower down, tliough 
variable in degree, they were now much more marked, and tlieir development 
was possibly assisted by trauma and secondar 3 ^ infection. 

During the incubation period no changes were discernible in the spinal ganglia 
and segments of the spinal cord corresponding to the site of inoculation. About 
the time when itcliing commenced, ix. 1 to 2 hours after virus could first be de- 
lected in the ganglia, earl 3 " lesions affecting a few cells were apparent. In animals 
surviving a further 10 or 12 hours, nearly every cell of the corresponding gangha 
was affected (Fig. 2) and lesions had appeared on the opposite side. The sequence 
of events wus best seen in sections stained with phloxin-methylene blue after sub- 
limate-formol or Zenker-formol fixation. In brief, oxychromatic degeneration 
of the nuclei resulted in the formation of intranuclear inclusions of the general 
t 3 ^pe of those in herpes, yellow fever, etc.; cytoplasmic degeneration and necrosis 

followed. ^ ^ . . 

The earliest changes, in the form of definite increase of ox 3 ^philic materia 
grouped in deep red, granular aggregates around the nucleolus, were met with in 
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ganglion cells exhibiting normal contour of nucleus and body and well preser\'ed 
nudeolus and Nissl substance; these masses were connected by fine threads with 
similar smaller masses near the nudear membrane, but most of the nudeus was 
empty (Fig. 1 B), Rather later the nudeolus disappeared (Figs. 1 C, and 3). 
In tw'o cases at an early stage considerable enlargement occurred in some nudeoli, 
chiefly of the addophilic constituent; this appearance was not constant The 
nudeus might now become completely filled with pale pink, finely particulate 
material surrounding small, deep red aggregates and sometimes fragments of the 
basophilic part of the nudeolus; most of the scanty' basophilic chromatin was, 
however, marginated on the nudear membrane (Fig. 1 D and E, Fig. 3). In a 
few cells the induded material was less definitely addophilic and assumed a mauve 
tint; sometimes, also, it appeared homogeneous rather than particulate. In the 
rabbit the former variation occurred only in the spinal ganglia.^ Up to this point 
the Nissl substance, Golgi net, neurofibrils and mitochondria remained intact, but 
as the nucleus became completdy filled with addophilic substance they underwent 
disintegration; the mitochondria persisted in a swollen condition, and the frag- 
menting Golgi apparatus w'as visible for some time after the Nissl substance had 
disappeared. Progressive shrinkage of the nudeus, wrinkling and fading of the 
nudear membrane and increasing addophUia of the cy'toplasra now heralded com- 
plete destruction of the cell (Fig, 1 F). ?^Ieanwhile rather similar, but often more 
obdously granular masses appeared in the nudci of the capsule cells; here nudear 
’enlargement and margination of basophilic chromatin were often more pronounced, 
and the indusion vras alwa^-s dearly addophilic (Fig. 1 £, F, G, Fig. 3). With 
exceptionally long sur\'i\*al of the animal (over 12 hours after itching began), 
evidence of cellular reaction in the form of pohmorphonudear infiltration with 
commendng h-sis of the necrotic nerv’e cells might be present; a large proportion 
of tn^' pol>morphonudcar Icucocy’tcs w’crc kar>*orrhectic. Occasionally, loo, 
ncuronophagia by proliferated capsule cells was seen (Fig, 1 G). 

In the posterior horn of tlic cord similar lesions appeared perhaps sUghtly 
later; nerve cells, glial cdls of the grey matter and of the posterior root entry' zone 
all were afTcclcd. At a very late stage scanty infiltration with polymorphonu- 
clear lcucoc>*tcs might be seen. In the anterior horns, glial cdls shov.'cd Indus ions 
much less commonly; onh* once were indusions seen in anterior horn nerve cells. 

In the posterior nerve roots nudear changes in the Schv.unn cells were more 
common than in the proximal part of the nerve supplnng ilie site of inoculation. 


^ Sagudii (1930) has recently pointed out that the diromophilic state of neurons 
is characterized by overproduction of ‘*nudconcphclium.’' Normallv addonhiiic 
this substance may in the diromophilic stale of the cell become basophilic and* 
dissolved in the nudear juice, imparl dinusc basophilia to the whole r.udeus* 
Tills phenomenon is more common in tlic guinea pig. in whidi animal, as will be 
seen later, a m.udi greater projwrtion of aiTcacd nuclei, even when fixed in Zen- 
ker’s fluid, fail to show dearly addophilic Indusions. 
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Although virus was usually present in small amount, no lesions were apparent 
in the cord and spinal ganglia at higher and lower levels, or in tlie brain stem, cere- 
bellum or cerebrum. Their absence from these regions possibly accounts for 
previous failures to detect lesions in the central nervous system. 

Intracerebral Inoculation, — ^At the site of inoculation, hemorrhage with some 
polymorphonuclear and eosinophil exudation but no massive necrosis was present; 
with an incubation period of about 28 hours, microglial reaction was ver}'' slight. 
The most prominent lesion was marked infiltration of tlie overlying meninges witli 
polymorphonuclear leucocytes, lymphocytes, eosinophils and a few macrophages; 
man}’' of the infiltrating cells were fragmented. Witli subdural inoculation (or 
leakage of inoculum into the meninges) meningitis was more intense and wide- 
spread; fibrinous exudation and necrosis occurred, the latter especially if tlie incu- 
bation period was slightly prolonged. In these cases inflammator}’' cells might 
extend along the perivascular spaces as deepl}’' as the first or second layer of corti- 
cal nerve cells. A few polymorphonuclear leucocytes might overflow into the 
superficial nervous tissue. 

Characteristic nuclear changes were found in almost every mesotlielial cell of 
the pia-arachnoid, and in a large proportion of tlie subpial glial cells; in botli typos 
of cell they occurred beyond tlie limits of meningeal infiltration, and in many 
regions were the only abnormalities present (Figs. 1 H, and 4). They were seen 
less often in l3mphocytes and macrophages of tlie meningeal exudate, in oipillary 
endothelium, in adventitial cells of veins and arteries and in ependymal cells.* 
Involvement of nerve cells and deeper glial cells depended largely on their proxim- 
ity to a surface. Early nuclear inclusions, usually witliout cytoplasmic alterations, 
were not infrequent in superficial cortical neurons, in those of tlie fascia dentata 
and in Purkinje cells of the cerebellum (Fig. 5), while very superficial nuclei (c.g. 
the ganglion basale opticum) might show a majorit}'' of cells involved; adjacent 
glial cells suffered similar change. Deepl}^ placed nerve cells, except those imme- 
diately adjacent to tlie site of inoculation, were mostl}’’ perfectly preserved, though 
some of tlie brain stem nuclei exhibited occasional lesions. Finally, inclusions 
were sometimes seen in the epithelioid cells of distant nodules due to infection with 
Enccplialitozoon cunicuU, 

Early inclusions were occasionally present in cells of the Gasserian ganglion. 
No definite clianges were noted in the spinal cord. 

Lesions in Other Organs, — Pathological changes commonly seen outside the 
nervous system w^ere petechial hemorrhages in the th^TOus, and areas of intense 
congestion, hemorrhage and edema in the lungs. Edema of the lungs might aho 
occur without marked congestion, or be of much more extensive distribution than 
the sanguineous areas. The hemorrhagic areas varied from spots a millimetre or 
two in diameter to areas occupying the whole of a lobe or even of several lobes; 
they w’ere frequently present in animals d 3 dng of the disease, though probably not 
so frequentl}’ as in Shope’s earlier cases. 

When considered in relation to the virus content of tlie organ, the microscopica 



E. ’SVESTON HURST 


419 


changes in the lungs ^ere somev.*hat confusing. In the first place the lung might 
appear normal, and yet on occasion contained virus.^ Secondly, in the absence of 
any macroscopic abnonnalitj”, the alveolar walls over large or small areas might 
show a marked excess of poKmorphonuclear leucoc^^tes; occasionally in association 
with this there occurred a few foci in which the alveolar epithelium had proliferated 
and undergone desquamation to mingle with extra\’asated pohmorphonu clear leu- 
coc>*tes, often karj'orrhectic. In one such case \irus was not detected in the organ ; 
in a second (mfected with Aujeszk>" \‘irus) , not only was \dru5 present, but occasional 
nuclear inclusions were foimd in the epithelial cells. (The latter obseiv’ation was not 
repeated in a large series of lungs.) Thirdly, great congestion and alveolar hem- 
orrhages, with or without serous or serofibrinous exudate, often existed in the 
absence of pohmorphonu clear excess; again virus might or might not be present. 
Fourthly, combinations of these appearances obtained, once more with the in- 
constant presence of small quantities of virus; numerous pohmorphonudear leu- 
cocy'tes passed out into the exudate, which in the most marked instances com- 
pletely filled the alveoli and small bronchi of the affected areas. The conclusion 
that some of the animals had, by d>mg, escaped pneumonia seemed unavoidable, 
but the exact role played by the \drus was uncertain. ^lore especially was this 
the case since in a few control animals peribronchial cuffing and even some leuco.- 
c>lic bronchial exudate were encountered, indicating a degree of spontaneous 
rcspiratoiy infection. 


To summarize, in the rabbit subcutaneous, intradennal or intra- 
muscular inoculation leads to local inflamination and necrosis followed 
by ascending infection of the corresponding peripheral nerv^e. With 
the onset of itching, nerve cells in the spinal ganglia and posterior 
liom of segments of the spinal cord corresponding to the site of inocu- 
lation undergo degeneration; acidophilic material accumulates in the 
nucleus to produce an inclusion of the U'pe seen in herpetic encepha- 
litis, cytoplasmic degeneration follows, and ultimately necrosis occurs. 
Similar lesions appear later in the posterior horn and spinal ganglia 
of the opposite side, and occasionalK' with long duration of s\’mptoms 
in the anterior horns, but not at higher or lower levels of the nervous 
axis. The ncr\'e cell degeneration is primary', and cellular reaction 
occurs only during the last stages of the malady'. Nuclear inclusions 
arc found also in a variety of cells in the local lesion, in sheath of 


’ T]iv<c rcmnrks refer chief:;/ lo experiments vith the lovra strain of which, 
in cx'jnlr?. distinct ion lo tlic Hunpirian strain, docs not ap^-^car in the blood in anv 
quantity, and is inctm.slantly present in the lung., spleen., etc Even aftcrlntm- 
venous inoaihtion this statement holds grK>d. 
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Schwann cells of the peripheral nerve and nerve roots, in capsule cells 
of the spinal ganglia and in glial cells of the grey and white matter of 
the spinal cord. 

Intracerebral inoculation is followed by the development of nuclear 
inclusions in mesothelial cells of the pia-arachnoid, in subpial glial 
cells and in superficially placed nerve cells. Though a variable degree 
of meningeal infiltration obtains, the nerve and glial cell lesions are 
clearly primary, and in places occur in the absence of any cellular 
reaction. 

With inoculation by any route, at autops)'' hemorrhages are found 
with some frequency in the th3anus, and congestion, hemorrhage or 
edema, or all three changes, in the lungs. In the absence of macro- 
scopic alterations in the lungs, tlie alveolar walls may exhibit marked 
excess of leucocytes, sometimes associated with focal proliferation of 
the alveolar epithelium. Virus may be present in macroscopically 
normal, and absent from congested and edematous lungs. Occasion- 
ally characteristic nuclear inclusions are present in proliferating alveo- 
lar epithelium. 


Lesions in the Gninea Pig 

Subcutaneously inoculated animals alone have been examined. 
Morbid changes in the nervous system are essentially the same as in 
rabbits, with minor differences indicative perhaps of a slightly greater 
degree of resistance. The visceral changes are similar to those in the 
rabbit. 

Nuclear changes in the spinal ganglion cells developed rather more slowly. 
Their intensity was not wholly dependent on the duration of symptoms; m ani- 
mals surviving 24 and 27 hours respectively from the onset of itching, gangh'on cdl 
destruction had progressed no further than in rabbits or other guinea pigs dying in 
8 hours, and was still unilateral. A greater proportion of cells showed inclusions 
tj'pical except that thej"^ were not definitely acidophilic. Capsule cells contained 
inclusions less frequently. Cellular reaction and neuronophagia were more pro- 
nounced; the former was, however, vet}’ variable in amount. In the most marked 
instance, large numbers of polymorphonuclear leucocj'tes, many fragmented, with 
some eosinophils and lymphocj'tcs infiltrated the spinal ganglia, posterior neive 
roots and posterior root entrj' zone; fewer ivere present in the tip of the postenor 
horn, posterior and lateral columns, and the perivascular spaces of grey and white 
matter. Early microglial reaction might be evident. 
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In the anterior horns chromatol}*sis and swelling of motor neurons was the rule ; 
on occasion vacuolation also obtained. In one animal in which sjTnptonis lasted 
for 56 hours, specific nuclear inclusions were present in many anterior horn nerve 
cells (Fig. 6), in glial cells along the Ime of exit of the anterior roots and in fewer 
numbers in the white matter generally. In cases of similarly protracted duration 
spedfic nuclear changes mi^t edst also in the brain stem. 


Lesions in ihc Monkey 


Three monke>’s {M. rhesus) died within 6 to 9 daj-s of the intracerebral inocula- 
tion of Iowa virus; another was infected with the Aujeszky virus. The clinical 
and experimental data will be considered in a future paper. A fifth monkey died 
of pulmonar>' tuberculosis towards the end of the incubation period (4th day). 
The histological picture differed in important particulars from that in rodents. 

The lesion in the monkey consisted in widespread, primarj' degeneration of 
nerv'e cells, which showed various changes accompanied by increase of intranu- 
clear acidophilic material, or appeared as shrunken, eosinophilic, necrotic struc- 
tures with or without pyknotic or fragmented nuclear remains (Fig. 7). Similar 
changes accompanied by dasmatodendrosis occurred in fewer neuroglial cells, 
while others showed some enlargement of the cell body. In many regions no other 
changes were present. WTicre from greater severity, or, as experience vrith the 4 
day animal suggested, from longer duration of the infective process, a larger pro- 
portion of ncrv’c cells was involved, early diffuse microglial reaction and occasional 
small focal collections of these cells v/crc obser^’cd. With still more intense lesions 
a few pohTnorpbonudcar lcuooc>*tes, often fragmented, appeared in the ncivous 
tissue. In such areas a proportion of the neurons exhibited degenerative changes 
(swelling, solution of the Nissl substance, \'acuolation, shrinkage and basophilic 
impregnation, impregnation of the pcricdlular Golgi net, etc.) vdthout spcdfic 
nudear changes. It could not be dedded whether all the necrotic elements had 
passed through an indusion-bcaring stage or not. Eddcncc of ncuronophagia 
%%us occasionally present 


Stained \rith phloxin -methylene blue tlic nerve cell inclusions appeared as (a) 
aggregates of comparatively few, coarse, pale pink granules or of many finer gran- 
ules, {h) irregular, deeper pink masses like those described in the rabbit, (c) multi- 
ple deep pink spherules recalling the bodies in experimental r>oliomyclitis (Covell, 
1930, Hurst, 1931) and, to a less extent, those in Foma dbeasc. Combinations of 
these were encountered. Tlicir formation was accompanied by carlv fragmenta- 
tion of the nudeolus and margination of the basophil chromatin. Gllal cell in- 
clusions were less common and mainly of the first \*arict y; they wc.’-c present chicfiv 
in the grey matter, and only rardy in neuroglia or oligryicndroglia of the white 
m.itlcror in cj^nfimal cclb. Indusions were never, as in the rabbit, present in 
mcsodcrm.al dements of tlic vessels or meninges. 

Meningeal infairatlon with polymorphonuclear lcuct>r, tc< and h.^nphoc/tes 
intense only over the site of inooib.tion and more marked over the remamder oVthc 
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inoculated hemisphere than on the opposite side, where it might be wholl}^ wanting. 
It was much less pronounced in passage animals than in the monkeys infected with 
rabbit brain. Only once did the infiltration extend to the brain stem and upper 
part of the spinal cord. Where the process was less marked, the cells collected 
chiefly in the walls of the meningeal veins and in the depths of the Sylvian fissure, 
superior temporal sulcus and cingular sulcus. 

Save for slight polymorphonuclear and lymphocytic cuffing in severely affected 
cortical areas, perivascular cuffing was marked in only two situations, in the tissues 
around the third ventricle along the vessels entering the anterior and posterior 
perforated spaces, and in the grey matter surrounding the ventricular system of 
the brain stem. Occasionally a few infiltrated vessels occurred in the white matter 
of the hemispheres. In one animal perivascular infiltration was wholly wanting. 

Distribution of Lesions , — ^At the site of inoculation, edema, limited necrosis and 
hemorrhage were accompanied by reparative changes without specific inclusions 
in the newly formed tissue. Lesions in the cortex were not determined primarily 
by adjacence to the inoculated area, and varying degrees of change obtained in 
g^nri equidistant from this. 

No major subdivision of the cerebral cortex appeared immune from attack, and 
there was no tendenc}'’ to selective involvement of any cortical layer. On the 
whole, changes were much less marked at the frontal and occipital poles, and at 
the vertex than at the base: once, however, the vertical cortex was most severely 
damaged. At the vertex, lesions were usually most intense in the vicinity of the 
cingular sulcus, on the lateral surface in the island of Reil and neighbouring cor- 
tex. Here tlie proportion of cells affected commonly reached 20-50 per cent of 
the total. In all but one animal the basal surface of the frontal lobes and tlie 
anterior temporal cortex (superior and middle temporal g}Ti) were most severely 
damaged; just posterior to the temporal pole from 80-100 per cent of the nerve 
cells had perished or were severely injured. In two animals extensive destruction 
continued into the pyriform area, cornu Ammonis and dentate gyrus, witli almost 
complete disorganization of structure. The findings in the 4 day animal suggested 
an earlier affection of the lower frontal and temporal than of the remaining cortex. 
Lesions were more intense on the inoculated side. 

Compared with the cerebral cortex, the optic thalamus and globus pallidus were 
lightly affected, while the caudate nucleus and putamen escaped damage or ex- 
hibited only mild changes. The h}q)othalamic region and tissues around the third 
ventricle were affected with moderate severity; here perivascular infiltration and 
focal microglial proliferation, relative to the amount of nerve cell involvement, 


were more marked than elsewhere. 

In the midbrain and pons perivascular infiltration was marked in the grey matter 
around the aqueduct of Sylvius and in the floor of the fourth ventricle. Isolate 
nerve cells, or occasionally the majority of cells in a particular nucleus, sho\^c 
specific changes with focal microglial reaction in the surrounding tissue. Nerve 
cells not showing nuclear inclusions were always perfectly preserved. Changes 
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were distinctly more frequent in the dorsal than in the ventral regions. Simi- 
lar lesions occurred in diminishing intensity through the medulla to the upper 
cervical segments of the cx)r(L The cerebellum, lower cord, Gasserian and spinal 
ganglia and sciatic nerves were intact. 

The other viscera showed no definite abnonnalit>', except the sali\'ar3' glands in 
which a certain number of adni manifested the results of marked secretor>’ over- 
activity. 

In the monkey, therefore, the essential lesion following intracerebral 
inoculation is widespread, primary degeneration of nerv'e and glial 
cells, chiefly in the cerebral cortex (of both sides), and attaining its 
maximum in the first and second temporal gyri, pjTiform area, cornu 
Ammonis and island of Reil. The absence of nuclear inclusions from 
mesodermal elements in the meninges and elsewhere suggests that in 
this animal the attack of the \drus is directed solely against ectodermal 
structures, which is far from being the case in the rabbit. Cellular 
reaction in the cerebral cortex is clearly secondary to the ncr\’e cell 
necrosis. Perivascular infiltration is most marked in the grey matter 
around the third and fourth ventricles, where ner\'e cell damage is 
relatively slight. Meningeal infiltration may be wholly absent from 
the uninoculated hemisphere, and is much less pronounced in passage 
animals than in those infected wnth foreign (rabbit) ncrv’ous tissue; 
evidently in the latter non-specific factors play a part in its production. 
No significant lesions develop in other viscera. 

Lesions in the Cord: 

From the scanty material available it appears that lesions in the 
cow approximate more closely to those in the monkey than to those in 
the rabbit. 

Through ihc courtesy of Dr. Shopc, a few pieces of brain from the cow furnish- 
ing the original strain of mad itch \'inis were a\’ailablc for examination, 

Ai all levels of the cord, brain stem and basal ganglia, and in one part of the 
cerebral cortex, pathological changes were present. Pcri^’asailar infiltration, of 
moderate degree, with large and small Umphocylcs and occasional large mononu- 
clears was assoaated with areas of jcmidiiTusc microglial proliferation in the grev 
matter; isolatcti i>ol>Tnorphonudcar leucoc>tcs and I>'mphoc>'lcs were present in 
the ncr\ous substance. In the u hitc matter smaller impact microglial fod were 
of rare occurrence. The m..ijority of ncr\‘c cells were normal or in a condition of 
mild diromatolv-sLs* a few v^ere acutely necrotic or, vcr>* rarely, undergoing n'*u- 
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ronopliagia. In a minority nuclear inclusions were visible; the condition of the 
material was not ideal for iine cytological study. At one level of the medulla 
scanty meningeal infiltration with mononuclear elements was noted. 

' Lesions in the Pig 

Intracerebral Inoculation . — In three pigs dying 3 1/2, 4 and 5 days after intra- 
cerebral inoculation the histological appearances differed considerably from those 
hitherto described. Vascular and interstitial changes were most conspicuous, and 
damage to nerve cells was relatively slight. 

Two animals received rabbit brain as inoculum; in the brain of one of tliese 
meningitis was everywhere intense. In the second, and in tliat of an animal in- 
fected vdth pig brain, meningitis though fairl}'' generalized was definitely less 
marked; it was severe only over tlie base and upper medial surfaces of tlie hemi- 
spheres and over the cerebellum. In all, the infiltrating cells were largely bonplio- 
C3’'tes witli a notable number of eosinophils, a few large mononuclears and rare 
polymorphonuclear leucocytes and plasma cells. 

In tile nervous tissue, the congested vessels of both gre}" and white matter fre- 
quentl}^ showed cuffing witli a single laj^er of similar cells. In some parts of the 
cortex, particularly in the areas of most intense meningitis, perivascular infiltra- 
tion was more marked and often associated with diffuse proliferation of microglia 
in the surrounding tissues (Fig. 8); microglial proliferation and cellular infiltra- 
tion also occurred in the superficial cortical zone immediatel}^ beneatli tlie pia- 
arachnoid. Some large foci of unusuall}'' densety packed microglial cells, with 
lymphocytes and eosinophils, occurred independently of tlie vessels; many of these 
cells were karyorrhectic. In stained sections such foci were readily \dsible to tlie 
naked ej^e. Smaller foci, more comparable with those commonly seen in virus 
infections, occurred occasional!}^ in tlie white matter. Identical vascular and in- 
terstitial changes obtained around tlie whole ventricular system and in the choroid 
plexuses. 

By comparison with the foregoing the nerve cell changes were slight, and rela- 
tive to those in the monkey, insignificant. Only in the densest tissue foci did 
some neurons manifest severe degenerative phenomena culminating in death and 
neuronophagia. Elsewhere tliey exhibited mild swelling and cliromatolysis of 
sucli general distribution as to suggest the uniform action of a toxin ratlier than 
that of a \drus. Neuroglial nuclei were often swollen and hydropic. 

The surprising feature in the pig was, however, the complete absence of typicil 
nuclear inclusions such as were found in all other animals. In some swollen glial 
nuclei scanty ox}q)hilic material was sometimes present. It was not possible to 
den}’ that tliis might have been tlie homologue of the typical inclusions present m 
other species, but it could hardly be demonstrated as a convincing example of tins 
t}T)e of nuclear degeneration. 

Distribution of Lesions , — ^Edema was pronounced in a wide zone around the site 
of inoculation. The relatively sUght cortical changes were as marked in the occip- 
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ital region as elsewhere. In the frontal region the olfactory- cortex was most 
heavily involved. The caudate nudens, putamen and optic thalamus suSered 
less severely than theglobns pallidus. The h>'pothalamic region and tissues around 
the third ventride were markedly affected. 

In the brain stem the dorsal region suffered more than the ventral; in both, ex- 
tensive areas of diffiise microgliosis or more drcumscribed fod might be observed. 
In the cerebellum similar fori involved all layers of the cortex. In the spinal cord 
fori occurred in both grey and white matter. Finally, in one case, mononudear 
and eosinophilic infiltration extended into the optic nerve, and in two cases, along 
the fifth nerv'e as far as the Gasserian ganglion. 

Subcutaneous Inoculation . — ^The pig differs from other animals in 
that, after subcutaneous inoculation, it passes through a mild febrile 
illness unaccompanied by itching, and only rarely develops neiv’ous 
symptoms (Shope, 1931, 1932). Yet the local lesion is almost as pro- 
nounced as in other animals, and definite changes are detectable in 
the nervous system. 

On the 6th day after inoculation in a pig recovering without harag shoum ncr\’- 
ous s>Tnptoms, fori of necrosis in the corium were associated with e.xtensivc 
edema, fibrinous e.tudate and pohinorphonudear infiltration; around this area 
was a wide zone in which mononudears gradually replaced poUmiorphonudear 
lcucoc>’tcs as the predominant cell type. The vessels were surrounded by many 
layers of similar cdls; the large arteries and veins exhibited pronounced infiamma- 
tion with cellular infiltration of all their coats and considerable proliferation of 
their endothelial linings (Fig. 9), The ner\’e bundles were often buried in cellu- 
lar exudate and inflammatory' cells lay between the indiridual fibres. Again no 
definite nudear indusions were demonstrated. 

The corresponding spinal ganglia showed hea\y pohmorphonudear and mono- 
nudear infiltration, together with ganglion cell degeneration sometimes culminat- 
ing in acute necrosis with neuronophagia by capsule cells or lysis by pohmorpho- 
nudear Icucocj'tcs. Infiltration continued along the neiA'c root into the cord, 
where microglial fori in grey and w*hUe matter and perivascular infiltration ob- 
tained together with mild chromatoh-sis of the nen'c cells. .*\t other levels of the 
cord, in the brain stem and in the cerebral hemispheres many vessels w'crc miffed 
with a single layer of hinphoo’tcs, and occasionally fori of inflammaloiy' cells 
occurred in the meninges. Meningeal infiltration w‘as rather more marked over 
the cerebellum, with some microglial reaction in the ncivou? tL-suc immcdiitcly 
subjacent. Evcr>-whcrc in the brain the ncrt'c cells %vcrc w'cll prcscr/cd. 

Lrsiens sr: 0//;rr Orj:;ar:s . — In one of the two intraccrcbrally inocubted pics in 
which the general \i5ccra were examined, the ccn'ical h-mph gb.nds were enlarged 
and showed macroscopic hemorrhages at the peripher:.*. Micro.-copjcr.lly, manr 
eosinophils infiltrated the l.vmphoid nodules, jvirticularly at the periphery' of the 
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gland, and numerous extravasations of blood were present in the relatively acellu- 
lar zone between the lymphoid tissue and the capsule; the capillarj’’ endotheUum 
was obviousl}’’ swollen. Manj' eosinophils were present in the spleen, again 
mainl}>- in the l 3 Tnphoid nodules. In tlie second pig, numerous pol 3 Tnorphonu- 
clear leucocytes and eosinophils occupied the acellular zone; no hemorrhage or 
endothelial swelling was noticed. 

In the subcutaneousl 3 ’' injected animal, frank necrosis with considerable focal 
infiltration of pol 3 morphonuclear leucoc 3 des occurred in the same situation and in 
the processes of poorly cellular tissue penetrating towards the centre of the gland. 
In this animal foci of necrosis obtained also in the l 3 Tnphoid nodules of the spleen. 
The heart showed acute myocarditis; the muscle bundles were separated by edema 
and numerous polymorphonuclear leucoc 3 'tes were present in the tissue. 

In the pig after intracerebral inoculation, meningeal, perivascular 
and tissue infiltration is far more pronounced than in the rabbit, cow 
or monkey. On the other hand, nerve cell damage is comparatively 
slight. Surprisingly enough no definite intranuclear inclusions are 
demonstrable. 

After subcutaneous injection local inflammation and necrosis occur. 
Heavy cellular infiltration in the corresponding spinal ganglia is 
accompanied by nerve cell degeneration and occasionally necrosis. 
No inclusions are seen in either situation. In the spinal cord lesions 
are less severe. In the brain mild perivascular infiltration is evident. 

The involvement of the lymphatic system constitutes a further 
difference in reaction in the pig. 

Sympiomatology of the Disease in the Rabbit Considered in the Light of 
Histologieal and Experimental Findings 

Cause of Itehing. — ^As already mentioned, 24 hours after subcuta- 
neous or intramuscular injection, inflammation is already w'ell advanced 
locally, and inclusions are present in connective tissue and other cells. 
Within 40 hours necrosis is evident, and lesions are e.xtending pro.\'i- 
mally along the peripheral nerve leaving the damaged area. Itching 
docs not begin for 50 hours or more (with the Iowa virus). During 
the period of irritation a saline extract of the local lesion inoculated 
into a fresh animal evokes no immediate sjanptoms. If inoculation 
is practiced in the calf muscles, provided that care be taken to prevent 
leakage into the overlying skin, itching is not local but is referred to 
the terminal distribution of the sciatic nerve, and perhaps to the pos- 
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tenor part of the flank of the affected side. These facts suggest that 
the symptom is not due to irritation of nerve endings at the site of 
inoculation. 

On the other hand, after subcutaneous or intramuscular injection, 
itching commences about the time when lesions can first be demon- 
strated in the corresponding spinal ganglia and segments of the spinal 
cord, and about 2-3 hours after virus can first be detected there. Al- 
though virus can later be detected in smaller amoimt at higher levels 
of the cord, no lesions are ordinarily present at these levels, and no 
itching occurs in the corresponding peripheral area. In about half 
the cases, intravenously inoculated animals itch at some point (unre- 
lated to the site of venepuncture), and lesions are then present in the 
corresponding spinal ganglia. After intracerebral injection earl}'’ 
lesions are occasionally present in the Gasserian ganglion; once an 
animal so inoculated scratched the face violently, but unfortunately 
the ganglion was not examined. In short, very early lesions, or scanty 
lesions affecting only occasional cells, may appear in spinal ganglia or 
cord without signs of peripheral irritation; otherwise there seems to be 
perfect correlation between the two phenomena. 

Cause of Respiratory Symptoms aud of Death , — ^Towards the end of 
the illness follov.ing subcutaneous or intramuscular injection, breath- 
ing is usually rapid and shallow, and death takes place from respira- 
tory failure. After intravenous inoculation about half the animals 
do not itch; these ma}' manifest unrest, con\mlsions, general subsultus, 
and rapid or laboured breathing, or may die suddenly without sjunp- 
toms having been observed. Shope records similar lack of symptoms 
with nasal inoculation. Visible pathological lesions in the lungs are 
by no means always present when definite respirator}’ distress has 
been noted. 

Now virus is invariably present in the medulla at the time of death, 
though usually in low concentration, giving a long incubation period 
in the passage animal. It has previously been remarked that no 
lesions arc demonstrable here. In those intravenously inoculated 
animals which do not itch, no lesions are found in the central ncr\*ou 5 
system. Ihcsc facts suggest that the virus may have rcaclicri the 
medulla only shortly before death, a suggestion supported by the data 
given in Table I. In the guinea pig 5 }Tnptoms may exceptionally en- 
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dure for as long as 30-50 hours; then early changes are present in the 
medulla. We may probably infer that the medullary centres of the 
rabbit are peculiarly susceptible to the virus, and that only a minimal 
amount acting for a short time is necessary to arrest their function. 
Under suitable conditions, therefore, e.g. after intravenous inocula- 
tion, death may immediately follow infection of the medulla before 
specific lesions have time to develop. On these grounds it seems that 

TABLE I 


Time of Appearance of Virus in Afednlla of the Rabbit Following Inoculation into 

the Leg 


No. 

Duration of symptoms 

Killed or died 

Presence of virus in 
medulla 

53 

hrs. 

0 

K 

0 

54 

1 

K 

0 

55 

3 

K 

0 

56 

6 

K 

0 

57 

8 

K 

0 

58 

8 

D 

-f82 

59 

10 

K 

0 

63* 

10 

D 

+78 

47* 

10 

i ^ 

-PI05 

60 

11 

1 K 

0 

61 

11 

: K 

+126 

62 

14 

D 

+110 

64 

18 

D 

*4“10c) 


-h = development of pseudorabies in passage animal with incubation period in 


hours. 

0 = no take. 

* Inoculation into flank. 

the name “infectious bulbar paralysis” introduced by March (1904) 
ideall}^ designates the malady in rabbits. 

DISCUSSION 

The virus of pseudorabies is capable of e.xciting lesions in a wide 
range of animal hosts; in all it exhibits definite predilection for the 
nervous system. Yet while it may be grouped with the neurotropic 
vinises, it does not behave as a strict neurotropc since in some animals 
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at least it produces specific changes in non-nerv^ous tissues. Thus, in 
the rabbit, inclusions may be found in a great variety of cells, a prob- 
able indication of ability on the part of the virus to parasitize cells 
derived from any embryonic layer. In these respects the organism 
bears considerable resemblance to the herpes virus. 

Comparative study of the lesions evoked in different animal species 
affords a striking example of differences in host reaction to a single 
infective agent. In the rodent, the monkey and the cow, ner\^e cell 
degeneration is clearly primary and independent of vascular and inter- 
stitial inflammation, though in all reactive changes occur sooner or 
later. In the cow and the monkey nuclear inclusions do not occur, 
as in the rabbit, in other cells besides nerve and glial cells. In the pig 
the meningeal and vascular reaction is dominant. In this animal, in 
the absence of clear cytological e\ddence of direct \drus attack on the 
comparatively intact nerve cells of the brain, it is difficult to assess 
the relative parts played by the virus and by impaired nutrition con- 
sequent upon these other factors. The amount of nerv^e cell degenera- 
tion in the spinal ganglia of the subcutaneously inoculated pig was 
undoubtedly too great to be attributed solely to vascular and inter- 
stitial lesions; again, however, no nuclear inclusions existed as a mark 
of the activity of the virus. (\Miether the porcine cell is capable of 
reacting in the particular manner necessarj" to develop intranuclear 
inclusions is not known. There is no a priori reason to suppose that 
it is not, but such bodies have never been con\dncingly demonstrated 
in the pig.) In the pig, too, the obrious involvement of the Ijmiphatic 
system constitutes a further difference in reaction to the infection. It 
would appear that, from clinical and pathological viewpoints alike, 
pseudorabics in the pig is v^ry different from the disease in most 
animal species. 

During the incubation period of the disease following inoculation 
into the leg of the rabbit, the extending chain of nuclear inclusions 
along the brandies of the sciatic nerv^e indicates a route followed by 
the virus.* Moreover, from the presence of these inclusions in the 
cells of the sheath of Sdiwann, and the variable degree of inflammatoiy 

* In a future publication c\n(!cncc v.ill l>c presented that the \'iru? spread 
abo by other dianncb; the distribution of It^ions dcscriU-d above leaves no doubt, 
however, that the nen'ous route is the most favourable. 
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reaction in the neural connective tissue sheath, it appears likely that 
the virus exists interstitially in the nerve and is not onl)’- passing along 
the axis-cylinders. On the otlier hand, at a time when early lesions 
appear in the corresponding spinal ganglia, and slightly later when 
inclusions are becoming relatively numerous in the posterior nerve 
root between the ganglion and cord, inclusions in the upper part of the 
sciatic nerve are still very few in number; a possible explanation, for 
which there is at present no supporting evidence, is that virus also 
travels, and travels more quickly, by the axis-cylinders and becomes 
liberated interstitially at the level of the ganglion. Although in cases 
of protracted duration, and therefore more especially in the guinea 
pig, nuclear inclusions may be found in the anterior horn nerve and 
glial cells, their appearance here follows by a definite interval their 
development in the spinal ganglia, posterior roots and posterior horn. 
This may indicate a greater susceptibility of the sensory neurons or, 
if the virus can traverse the axis-cylinders, that the direction of the 
nervous impulses may affect its speed of progression. After intra- 
cerebral inoculation in the rabbit, the distribution of inclusions in 
nerve and glial cells is largely explicable by assuming a meningeal 
spread of the infection. In the monkey too, the relative severity of 
the lesions closely parallels the quantitative distribution of dyestuffs 
injected into the cisterna magna (Hurst, 1932); if, however, in this 
animal the virus spreads by the meninges, it does not necessarily leave 
any trace, since in the uninoculated hemisphere severe ner\^e cell 
destruction may occur in the temporal lobe, etc., in the complete 
absence of meningeal infiltration. Reference has already been made 
to the prominence of meningitis in the pig. 

Intracerebral lesions in the rabbit differ sufficiently from those of 
herpes to permit of their differentiation. In herpes, meningitis may 
be pronounced, but the nuclear inclusions in mesodermal elements are 
much less numerous, and the subpial glial cells are not affected with 
the same frequency or over as wide an area as in pseudorabies. Eosin- 
ophils and Ijmphocytes play (at the time of death) a more, and poly- 
morphonuclear leucocytes a less important part in the infiltration. In- 
volvement of the nervous tissues is more marked, with abundant 
necrosis of ner\m cells and much more cellular infiltration around the 
vessels and in the tissues. Nuclear inclusions, while of the same gen- 
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eral type as in pseudorabies, tend to be more coarsely granular and 
more often fill and distend the nucleus. 

SUMMARY 

The histolog>^ of pseudorabies differs materially in various animal 
species. In the rabbit, subcutaneous, intradermal or intramusadar 
inoculation leads to local inflammation and necrosis. The infection 
ascends the peripheral nerve (possibly both interstitially and b}^ the 
axis-cylinders) to the corresponding spinal ganglia and segments of 
the spinal cord, where primary degeneration of ner\"e and glial cells 
takes place. The nerve cell changes are probably responsible for the 
cardinal symptom of the disease, itching. Death ensues soon after 
virus reaches the medulla, before visible changes have been produced 
here. Intracerebral inoculation is followed by characteristic lesions 
in the meninges, in subpial glial cells and in superficially placed nerv'e 
cells. Jlorbid changes in the lungs are not necessaril}’' related to the 
presence of virus, but specific lesions may be present. Intranuclear 
inclusions bearing some resemblance to those in herpetic encephalitis, 
yellow fever, etc., occur in cells derived from all embiy^onic layers. 

The disease in the guinea pig resembles closely that in the rabbit and 
is modified only by the slightly greater resistance of the animal. 

In the monkey after intracerebral inoculation, widespread degenera- 
tion and necrosis of cortical ner\'e cells are accompanied by the appear- 
ance of specific nuclear alterations in nerv’c and glial cells, but not in 
cells of mesodermal origin. No lesions are found in other \i5ccra. 

In the spontaneous disease in the cow lesions appro.ximate more 
closely to those in the monkey than to those in the rabbit. 

In the pig vascular and interstitial lesions predominate, nerv'c cell 
degeneration is relatively slight and t\p>ical inclusions are not observed. 
These differences probably explain the benign course of the maladv 
following subcutaneous inoculation in this animal. The l\mphatic 
system, too, participates in the reaction to the virus. 
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EXPLANATION OF PLATES 
Plate 20 

Fig. i. a. Normal spinal ganglion cell of rabbit. The nucleus contains a promi- 
nent nucleolus and a variable amount of granular, weakly acidophilic material en- 
closing one or more ratlier definite, more strongly acidophilic masses (“nucleo- 
nephelium^’ of Saguchi), The peripheral cytoplasmic zone free from Nissl bodies 
is a normal feature. 

B-G. Successive stages of degeneration of spinal ganglion cells following sub- 
cutaneous inoculation of pseudorabies virus; acidophilic nuclear degeneration 
leads to formation of intranuclear inclusions of the t3^pe seen in herpetic encepha- 
litis. 

B. Definite increase of acidophilic intranuclear material grouped chiefly around 
the nucleolus leaving most of the nucleus empty. The Nissl substance is per- 
fectly preserved. 

C. More pronounced increase of acidophilic material. The nucleolus has 
disappeared. The Nissl bodies are still normal. 

D. The nucleus is filled vnth finely granular, feebly acidophilic material en- 
closing more strongly acidophilic aggregates. The nucleolus has disappeared and 
the Nissl bodies are disappearing. 

E. The nucleus is completely filled witli acidophilic material; fragments of the 
nucleolus are present. The Nissl substance has entirel}" disappeared. Inclusions 
are seen in the nuclei of some capsule cells. 

F. Acidophilia of the cytoplasm and a shrunken nucleus indicate death of the 
nerve cell. Inclusions are present in some of the capsule cells. 

G. Neuronophagia by proliferated capsule cells, some bearing nudear inclusions, 
an unusual picture in the rabbit. A few kar\'orrhectic polymorphonudear Icuco- 
c>''tcs arc present. 

n. Nudear indusions in mesothclial cells of the pia-arachnoid and subpial glial 
cells following intracerebral inoculation in the rabbit. Pyknotic remains of in- 
filtrating leucoc>^tes are also seen. 

Drawm from preparations stained with phloxin-mcthylene blue after subhmatc- 
formol or Zenker-formol fixation. 
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specific carbohydrate of Avery and Heidelberger. Intravenously vacdnated 
animals failed to become allergic. 

Zinsser and Grinnell (6) reported the production of allergy to hemolytic 
streptococci by means of agar foci infected with living organisms. The most 
extensive study of streptococcal allergy, however, has been made by Sivift and 
his coworkers. Their interest in this phenomenon grew out of tlie observation 
of Andrewes, Derick, and Swift (7) that about half of their rabbits whidi had been 
inoculated intracutaneously with non-hemolytic streptococci suffered a recru- 
descence of the local inflammator}’' process 8 or 9 da 3 "s after the inoculation. 
This was found (8) to be due to the development of a state of hypersensitiveness 
(analogous to that which evokes the tuberculin reaction) and has been studied in 
great detail by Derick and Swift (9). Intravenously immunized animals re- 
sponded to intracutaneous injection by the formation of small hard nodules, 
quite different from the large, acutely inflamed lesions whicli appeared in the 
sensitized animals (10). Sensiti 2 ^ation was effected by a variety of procedures 
(11), so long as small numbers of organisms were introduced at a time or a very 
low grade, chronic infection maintained. 

In the literature on this subject of cutaneous h 3 ^persensitiveness to bacteria 
the specificity of the reaction seems to have been rather assumed than demon- 
strated. For with few exceptions mention is not made of reactions to organisms 
other than the ones with which the animals had been sensitized. In tlicir recent 
study of the bacterial endotoxin of Salmonella pallor tm Hanks and Rettger (12) 
mention the non-specificit 3 f of cutaneous reactions to Salmonella pullorumy Pro- 
teus vulgaris^ and Serratia prodigiosus in rabbits rendered h 3 ^persensitive to any 
of tliese organisms. 

In a study of the abortin reaction Stroem (13) states that he was unable to 
sensitize guinea pigs to heat-killed cultures of B. abortus^ even wlien they were 
mixed with kieselguhr to stimulate local tissue reaction. He did observe cuta- 
neous h 3 T)ersensitivity in animals infected with B, abortus in which gross ana- 
tomical lesions were entirel 3 ^ absent. Tuberculous animals were found to give 
slight reactions to abortin, and he attributed tliis to heightened, non-specific 
reactivit3^ 

Hanger (14) found that rabbits (presumably the same ones which he mentions 
as carriers of Bact, Icpiscpticuyn in their upper respirator 3 " passages) reacted to 
intradermal inoculation with filtrates of B. influenzae^ B, coH, and meningococcus 
as well as of Bact, Icpiscpticuni, He also states that human beings who react 
to filtrates of the aforementioned organisms also react to those of Bact. Icpiscplicinn 
and he concludes, therefore, that ‘‘there is apparentlv^ considerable antigenic 
relationship between man 3 ’’ Gram-negatives of different biological groups. 

The study here reported took its origin from an interest in the in- 
terrelation of certain of the Gram-negative diplococci (15) but grad- 
ually grew in scope by the inclusion of unrelated organisms, largely 
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developed about it, and, when the focus had been too superficially placed, under- 
went necrosis with resulting extrusion of the remnant of tlie agar mass. This 
occurrence, which was infrequent, did not seem to impair detectably the rabbit's 
development of hypersensitiveness, possibly because it did not take place until 
several days after the implantation. 

The inflammatory reaction was appreciably more marked about foci containing 
gonococci and meningococci than around those containing M, catarrhaUs. 

Microscopic and bacteriological study was made only of foci containing 
gonococci. In these the sequence of events ma}'' be briefly described as follows: 
Within an hour or two after implantation, invasion by polymorphonuclear leuco- 
cytes begins. These cells ingest the bacteria which they encounter and in doing 
so are damaged or killed. But enough of them enter to constitute a steadily— 
and quite rapidly — advancing border which is followed by a second containing 
other phagocytic cells and a third consisting of capillary loops, whicli make their 
appearance on the 2nd or 3rd day. Section of a focus at this time or later reveals 
concentric rings of these elements. Gonococci can be cultivated from the center 
of a focus only so long as it is beyond the reach of the polynuclear leucocytes. 

Eventually the periphery becomes encapsulated, the interior more or less 
liquified for a time, and as organization proceeds, the whole mass gradually con- 
tracts to a firm cyst-like structure with a caseous center. 

Preparation of the Rabbits^ Skins , — ^Epilation was accomplished by the use of 
impure barium sulfide"* as recommended by Derick and Swift (9).® The ventral 
surface of the abdomen was alternately washed with soap and water and rinsed 
in warm running tap water several times to cleanse the fur of oil so that the barium 
sulfide could quickly penetrate to the skin. 10 to 15 gm. of the powdered barium 
sulfide were then dusted on to the fur and gently patted with a large pledget of 
cotton soaked with water. After a few seconds the rabbit was held under the tap 
and very throughly washed to remove all of the barium sulfide. The hair was 
removed by the stream of water. The animal was then dried by patting the 
epilated skin gently with a towel and rubbing the rest of the fur. The skin was 
then greased with vaseline. EpUation was usually performed 1 day before the 
intracutaneous tests were made so that areas which had been irritated by the 
process might be avoided in placing the inoculations. After a little practice, 
however, it is possible by this method to remove the hair from rabbits without 
doing any noticeable damage to the skin. 

Intracutaneous Inoculations , — Injections of 0.1 cc. were made into the sub- 
stance of the skin itself by means of a very fine h>q>odermic needle and a tubercu- 
lin syringe. The suspensions of organisms were standardized by Gates’ meUiod 
(17), the density being such that the ring just disappeared at a depth of 1 incfi 


** Wc use Merck’s preparation labeled ^'barium sulphide, gray powder, about 
80 per cent.” 

^ Derick and Swift (9), page 619. 
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meningococci, with the rabbit as the experimental animal, for an 
inoculum which would regularly give rise to a positive reaction in a 
sensitized animal, produced one also — though a much smaller one- 
in the controls. This method was therefore abandoned in favor of the 
one employed in all of the experiments herein reported; namely, the 
injection of an inoculum which was knovm to produce lesions in the 
controls as well as in the rabbits containing agar foci. The criterion 
of the sensitization was therefore the relative intensity of the reactions 
in both groups to an equal dose of the same inoculum. This neces- 
sitated the injection of controls every time tests were made, and 
in the analysis of our data, attention to comparative differences be- 
tween rather than to absolute sizes of lesions. 

^‘Secondary Reactions.” — ^Among our control rabbits the “secondar}' 
reaction” described by Andrewes, Derick, and Swift (7) was observ’’ed 
but a very few times. In those few instances it occurred during the 
2nd week and lasted only a day or two. It consisted merely of a 
temporary increase in the depth of color and the extent of the fading 
erythema. With one possible exception, it would have escaped de- 
tection but for careful measurement and comparison with data al- 
ready recorded. In that one instance only was it pronounced enough 
to have drawn attention to itself. 

Dcroclopmeni of Cnlancons Hypersensitivcncss to Gonococci 

Expcrimenl 1 . — A subcutaneous agar focus containing viable gonococci was 
implanted into eacli of four adult rabbits. Three of them contained gonococcus 
Strain 1, the otlier Strain McBo. On the 18th day tliey, as well as three control 
rabbits, were tested by intracutaneous inoculation with: 

Gonococcus, Strain 1, grown on solid media. 

Gonococcus, Strain McBj, grown on solid media. 

Gonococcus, Strain 3, grown in liquid media for 18 hours, removed by centrif- 
ugation, and made up to the same concentration as the two preceding. 

A Bcrkefeld filtrate of tlie supernatant of this IS hour liquid culture of Strain 3. 

Uninoculated agar medium. 

Result. — The cutaneous reactions induced by all three strains of 
gonococci were much larger and appreciably more indurated in the 
rabbits with agar foci than in the controls. These results are pre- 
sented graphicall}’’ in Text-fig. 1, in which arc plotted the sums of the 
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stance is contained entirely or almost entirely within the bodies of 
the organisms themselves rather than in the liquid medium surround- 
ing; and that the cutaneous reaction is not produced by some sub- 
stance in the agar medium whicli might conceivably adhere to the 
bodies of the organisms grown upon it. 

It was likewise shown in subsequent experiments that in the de- 
velopment of hypersensitiveness the agar used in making the focus 
plays no role since rabbits containing uninoculated agar foci behaved 
exactly like controls. 

Additional experiments similar to Experiment 1 failed to disclose 
any differences, by this method, among six strains of gonococci. 

The Development of Hypersensitiveness by a Variety of Organisms 

Experiment 2. — K series of rabbits was prepared by the implantation of agar 
foci. The focus in each of a pair contained one of the following organisms: 

Gonococcus, Strain 1. M. catarrhalis. 

Gonococcus, Strain 3. Meningococcus. 

Gonococcus, Strain 5. Bad. Icpisepticum. 

Gonococcus, Strain MeBj. 

After an interval of 10 days each of these rabbits was injected 
intracutaneously with its homologous organism. The resulting le- 
sions, plotted in Text-fig. 2, were much larger than those in the con- 
trol, demonstrating that by this method cutaneous hypersensitiveness 
could be induced by each of these organisms. 

The Specificity of the Cntuneous Reactions 

Experiment 3. — Four groups of five rabbits eacli were prepared by the^ im- 
plantation of agar foci, containing in the case of each group gonococci, meningo- 
cocci, M. catarrhalis, and Bad. lepisepticum, respectively. 10 days later each 
animal, as well as each of five controls, was inoculated intracutaneously with O.I 
cc. of a standard suspension of each of the four organisms mentioned. 

Result. — ^As all of the reactions were maximal at the end of 24 hours, 
the readings made at that time are plotted in Text-fig. 3. It will be 
seen that the foci containing meningococci evoked almost as great a 
sensitivity to gonococci as to meningococci, and vice versa, but that 
cross-reactions in the case of Micrococcus catarrhalis and Bacterium 
lepisepticum did not occur. In several other experiments, however. 
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csult.^ As sho\\Ti in Text-fig. 4, the cutaneous reactions were 
greater in the animals which had been prepared by the smaller 
ocal inoculum (1 cc.) than in those which had received the larger focal 
inoculum (2 cc.) or in the controls. The meningococcal reactions of the 
second group dififered not at all in size from those of the controls, 
but only in their somewhat deeper color and greater swelling. 
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size of the focal inoculum was controlled by sensitizing rabbits witli 
agar foci containing three different amounts of gonococci. 

Experiment 6 . — ^Three groups of two, three, and three rabbits each were in- 
jected with agar foci containing respectively 1, 2.5, and 5 cc. of a 15 per cent sus- 
pension of gonococci. At (approximately) weekly intervals these animals as well 
as two controls (new controls being introduced at each testing) were injected 
intracutaneously with standard suspensions of gonococci, meningocoed, and 
M. catarrhalis. 

RestiU . — The result of this experiment may be briefly summarized 
as follows: The most intense reactions occurred in the first group on 
the second testing (15 days after implantation of the focus), and mod- 
erate ones on the next (the 22nd day), but by the fourth test (on the 
32nd day) the reactions were no greater than those in the controls. 
In other words, hypersensitiveness had not developed by the 6th day, 
was maximal on the 14th, and had ceased by the 32nd. The reac- 
tions were sharpest to gonococci, less so to meningococci, and least 
of all to M. catarrhalis] i.e., cross-reactions with meningococci were 
less pronounced in this experiment than was the case in some of the 
foregoing. The second group of rabbits (containing foci of 2.5 cc.) 
reacted less strongly but in the same general way as those first de- 
scribed, wliile those in the third group showed no evidence of h}’per- 
sensitivity. 

It must not be concluded from the foregoing experiments that the 
hypersensitive state is always passed by the end of the 3rd week, for 
rabbits have been found to be somewhat allergic 2| and even 4 months 
after the implantation of their foci. Such animals, hovTver, had 
had not more than two preceding cutaneous tests. 

Cutaneous Reactions in Rabbits Intravenously Immunized to Gonococci 

From time to time small groups of rabbits whicli had survived re- 
peated intravenous injections of living gonococci w'cre tested by mtra- 
cutaneous inoculation wdth gonococci, meningococci, and M- catar- 
rhalis. Of a total of seventeen animals so tested, all developed lesions 
indistinguishable from the appropriate controls. 
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hypersensitiveness developed, but among a group of rabbits which 
seemed, by cutaneous tests, to be equall}’- allergic, some juelded sera 
containing, and some sera not containing, precipitins for the homolo- 
gous organism. 

As regards the specificity of the allergy . engendered by the agar 
focus method our experiments seemed to -warrant the following state- 
ments. Animals sensitized to gonococci usually but not always 
reacted equally or nearly so to meningococci; and vice versa. Animals 
sensitized to gonococci reacted appreciably less strongly to M. 
catarrhalis (and vice versa) but more strongly to it than to such or- 
ganisms as streptococci and staphylococci. Among the Gram-nega- 
tive diplococci, therefore, gonococci and meningococci are, by this 
criterion, more closely related to each other than to M. catarrhalis. 
This finding parallels the observation of Boor and Miller on the 
immunological relationships of their nucleoproteins and carbohydrate 
fractions. 

Animals sensitized to B. lepisepticuvi were not allergic to any of the 
Gram-negative diplococci employed, and vice versa. In comparing 
these observations with those of Hanger it should be pointed out that 
all of the suspensions of Bact. Icpiscpticim employed in our experi- 
ments w^ere heat-killed because we feared the possibility of contam- 
inating our animal quarters with this organism. 

The specificity of reaction observed in our experiments was rather 
surprising in view of certain reports in which this point is considered. 
The observations of Hanks and Rettger (12), of Stroem (13), and of 
Hanger (14) have already been cited. In addition should be men- 
tioned Meyer and Christiansen’s (18) experimental study of the 
typhoidin reaction in rabbits, wdierein they report non-specific reac- 
tions even wdth extracts of organisms not at all related to the typhoid 
group. Zinsser and Parker (3) noted that tuberculous guinea pigs 
reacted in some instances to pneumococcus residue antigen. And 
Zinsser and Tamiya (19) found skin tests to be specific only when 
their animals were moderately hypersensitive, and encountered oxer- 
lapping when a high degree of allergy was present. The methods 
employed by these authors to engender the hypcrscnsitix'c state were 
not the same as ours, and the difference may account for the discrep 
ancy in result. 
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The hypersensitive state was found to begin early in the 2nd week 
and to end usually by the 4th week, being at its height in most in- 
stances on the 10th to 12th days. The number of organisms con- 
tained in the agar focus determined the success of the sensitkation 
only to this extent, that very small and very large inocula failed to 
evoke the allergic state. 

Rabbits immunized by intravenous injection of live organisms 
developed cutaneous reactions indistinguishable from those in controls. 

The “secondary rise” of Andrewes, Derick, and Swift w’as rarely 
observed. 
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EFFECT OF TESTICLE EXTRACT ON TOXINS 


or the comparative benigmty of the skin reactions to certain foreign sera made 
dilution of the agents unnecessary. The areas of the lesions were determined at 
suitable intervals and recorded in square centimeters. 

Effect of Testicle Extract on Lesions Prodttced by Bacterial Toxins and 
on the Shwartzman Phenomenon 

If a small amount of certain bacterial toxins is injected intracutane- 
ously and 24 hours later an intravenous injection of the same or 
another toxin is given, a profound reaction takes place in the injected 
skin area. This so called Shwartzman phenomenon has been studied 
both as concerns the influence of testicle extract on the initial lesions 
from the intracutaneous or preparatory injection, and its influence on 
the secondary phenomenon. 

Experiment . — Rabbits were prepared by the intracutaneous injection of 0.25 
cc. of filtrate from a 6 day old broth culture of 5. coli mixed with testicle extract, 
and control animals received the same amount of toxin diluted witli Ringer’s solu- 
tion. After 24 hours the sizes of the lesions were recorded and the animals were 
then given an intravenous injection of 2 cc. per kilo of body weight of the same 
toxin. The resulting clianges in the skin lesions were recorded after another 8 
hours. The results of the two series of observations in the test and control ani- 
mals are given in Table I. 

In order to eliminate the individual variations between animals, 
cacli rabbit of the next group received the test inoculation of toxin and 
testicle extract and also the toxin diluted with Ringer’s solution. 
The results are recorded in Table II. 

In analyzing the results it is necessary to separate the effect of tes- 
ticle extract on lesions produced by the preparatory intracutaneous 
injections and the action of the same factor on the lesion developing 
in the same area after the intravenous injection of the bacterial toxin 
(Shwartzman phenomenon). Nevertheless, the same principle was 
manifest in both instances. The area of the lesion produced by the 
toxin w'ith testicle extract and the extent of the Shwmrtzman phe- 
nomenon were undoubtedly larger than in the controls, but wdiat the 
lesions had gained in extent they had lost in intensity. This was par- 
ticularly true of the Shwartzman phenomenon, w'here instead of the 
well defined and severe edematous and hemorrhagic character, the 
lesions ■were flat, diffuse, and mild. In the animals in which the con 
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EFFECT OF TESTICLE EXTRACT ON TOXINS 


factor. Whether this represents a difference in behavior of wruse: 
and bacteria in general, or merely a difference in the effective range ol 
dilution, is being investigated. 

It seems probable from these investigations that tlie reported en- 
hancement by testicle extract of lesions induced by inanimate injuri- 
ous agents is not in reality a true augmentation of the intensity of the 
reaction. While the sizes of the lesions under the influence of the 
spreading factor are undoubtedly larger, what has been gained in size 
has been lost in intensity. As far as our experiments go, true en- 
hancement by the spreading factor is obtained only in tlie case of 
infectious agents. 

SUMMARY 

The lesions produced by the Shwartzman and Arthus phenomena, 
as well as those produced by bacterial toxin and foreign sera in the 
normal rabbit, are spread by testicle extract over a larger area than 
would normally take place. With this spreading of the lesions there 
is a definite reduction in their intensity. 

Lesions produced by invasive strains of staphylococcus at high 
dilutions or non-invasive staphylococci at moderate dilutions arc 
definitely lessened in severity or even suppressed by the spreading 
action of testicle extract. Virus lesions are consistently enhanced by 
the spreading factor regardless of the dilution. 
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EXPLANATION OF PLATES 
Plate 23 

Fig. 1. Rabbit 1 (right side), a, Arthus phenomenon lesion produced in 4-^ 
hypersensitive animal by the intracutaneous injection of 1 cc. of horse serum plu= 
1 cc. of Ringer’s solution. 24 hours after injection, b, lesion produced by 0.1 cc- 
of horse serum plus 1.9 cc. of Ringer’s solution. 24 hours after injection. '> 
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INTRANASAL VIRULENCE OF PNEUISIOCOCCI FOR IMICE 


By LESLIE T. ^^EBSTER, M.D., akd AXXA D. CLOW 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, ^lay 18, 1933) 

It is generally agreed that pneumococci associated mth severe 
infections of human beings, for example lobar pneumonia, are for the 
most part antigenically specific and stable (1-fi), although rough vari- 
ants have been reported to occur in the sputum and lung puncture 
material in some cases of pneumonia (7, 8). Little was known, how- 
ever, of the stability of pneumococci obtained from healthy persons 
prior to the observations on small groups of individuals carried out 
with the aid of Cooper’s sera in this laboratory (9, 10). Here it was 
found that successive strains of pneumococci obtained from a given 
carrier were for the most part serologically specific, similar and stable 
in virulence and other characteristics in so far as could be determined 
in the host. These studies on small groups, confirmed later by Gun- 
deVs observations on somewhat larger numbers of persons (11) led 
us to the view that most strains of pneumococci behave in nature 
as biological entities with different specific characters w’hich in man 
are relatively unchanging; but that they do differ among themselves 
in inherent capacity to incite natural disease, persist in tissues at the 
normal portal of cnXry, and spread from host to host (9). 

Further evidence on these points has been sought by direct experi- 
ments; that is, by intranasal titration of pneumococci in mice. 

This procedure, foreshadowed by Stillman’s method of injecting mice vdth 
ethyl alcohol and spraying them with suspensions of pncumococd (12), and Lange’s 
observations on mice given inhalations of pncumococd (13), dc\'dopcd out of 
predous experience in this laboratory* with intranasal infection of mice with Fried- 
landcr-Iikc bacilli (14). Recently Xcufcld and Etingcr-TuIcay-nska (15) and Brun- 
rema (16) have reported that undiluted cultures of pncumococd instilled into the 
nostrils of healthy mice brought about scpticcmLi and death in a few cases. 

One ndvanlagc can be claimed for the intranasal mcthcxl of pneumo- 
coccxiSs infection in mice — that it cmplo}*? what is prci^umably the 
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normal atrium of infection of pneumococci into the host, tlie upper 
respiratory tract, and elicits many of the epidemiological features of 
the natural infection in man. Nevertheless, since the mouse is at 
best an unnatural host for the pneumococcus, experimental findings 
with this teclmique are subject to a limited interpretation. 

Experiments dealing with the intranasal virulence for mice of pneu- 
mococci freshly isolated from man are described in the present paper. 

Technique 

Rockefeller Institute albino mice, free of intercurrent infection, aged 3 months, 
weighing 16 to 18 gm. each, kept in a special breeding room, and maintained on a 
diet of bread, milk, and dog biscuit, were used in these experiments. Pneumococd 
for testing were obtained from sputum or nasopharynx of cases of lobar pneumonia 
and from the spinal fluid of cases of meningitis usually within 48 hours of admission 
to the hospital. Material was also obtained from the nasophar}^nx of healthy 
persons and spread over the surface of blood agar plates. The sputum or blood 
broth growth from the nasophar 3 ^nx culture plates was injected intraperitoneally 
into mice, and pneumococci obtained later from tlie hearths blood in pure culture 
for testing by seeding into pneumococcus broth. Intranasal and intrapcritoncal 
titrations were run on fresh cultures, usuall}^ within 72 hours after isolation. 
For the intranasal test a standard dilution of 1:100 of an 18 hour pneumococcus 
broth culture was used and administered in 0.03 cc. volume to eacli mouse, approxi- 
mately 150,000 organisms. The material was placed at the orifices of tlie nasal 
passages of each individual through a 1 cc. tuberculin syringe and blunt needle. 
The twenty treated animals generall}'' employed for each test were then placed in 
individual glass jars to prevent reinfection from contact. Animals found dead 
were autopsied and cultured for the presence of pneumococci. Suitable colonics 
grown on rabbit blood agar plates were tested in bile and t^^pe sera kindly supplied 
by Miss Cooper (6). Results were expressed as per cent d 3 dng of the infection 
within 14 da^^s. For the intraperitoneal test, dilutions of an 18 hour broth ail- 
ture from 10“^ to 10“" were prepared and given in 1 cc. volumes to mice as follows. 
10“^ to 10“^ each to one mouse, 10”® and 10“^ each to two mice. Results^ were ex- 
pressed in terras of the exponent of dilution of culture fatal to mice \^^thin 4 da)^. 

The presence of pneumococci in the nasal passages of mice was detected b> in- 
stilling physiological saline into the nares, waiting until it was aspirated an 
ejected, and then spreading it over tlie surface of freshly prepared 5 per cent ra i 
blood agar plates. The plates were examined after 24 hours’ incubation for c 
presence of pneumococcus-like colonies. These were then selected and idcnti ic 

serologically. ^ j • rl* 

Tests of the abilit>" of pneumococci to spread from experimentally' infected m i 
viduals to contacts were made by placing ten mice infected intranasally mto^*^ 
single cage 25 x 18 x 12 cm. in dimensions and adding ten normal mice 6 to 
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hours later, and one or tv^o additional normal mice each day thereafter. Carrier 
tests were made on the entire population at frequent intervals, and autopsies and 
bacteriological tests on mice dying during the period of observation, 

EXPERIMENTS 

Early experiments showed that if a given fresh strain of pneumo- 
coccus was administered intranasally to mice of different hereditary 
and environmental experiences, the percentage mortalities in duplicate 
and repeated titrations were irregular and unpredictable, and again, 
if the test culture w^as a stock transfer from rabbit blood agar or broth 



Days injection 


Text-Fig. 1 


lo blood broth, the mortalities dropped quickly to zero. If, ho'.vcvcr, 
the culture was a growth from the blood of a mouse dead of the infec- 
tion, and the test mice were kept uniform as far as possible, duplicate 
titrations and titrations repeated at short inter\'als gave reliable meas- 
urements of certain potencies of pneumococci in mice. 

Rxpcrvncut 1. — ^I'csts of intranasal and intraperitoneal virulence, 
carrier rates in survivors, and ability to set up the carrier state in con- 
tacts or to kill them have been made on 24 fresh strains. Protocols 
of eight arc set forth bric-dy in Text-figs. 1 and 2. 
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Four strains described were from the sputum and one from the throat of fatal 
cases of lobar pneumonia; two were from the spinal fluid of fatal cases of menin- 
gitis; one was from the throat of a case of chronic sinusitis. One was Tjpe I; 
two Type II; two Type III; one Type V ; one Type XIII; one Type XX. 

Each strain, when placed at the nares of twenty mice, was capable of inducing 
in some a fatal respiratory tract and general infection. After an incubation period 
of 2 days, a percentage of|mice became ruffled, dyspneic, lost appetite and normal 



■-Original colture (0) D-Passed culture o-Zero, no mortality 

•**No mortality with original colture o-Nomortality with passed culture 
H- Carrier strain (C) 4 veeXs 


Text-Fig. 2 


activity, and after 3 to 7 days succumbed to the infection (Text-fig. !)• B oo 
cultures became positive in fatal cases within 24 hours and contained increasing 
numbers of pneumococci until death. Some strains persisted in the nasal pas 
sages of survivors for at least 4 weeks. The pathology of the infection ^'as 
cemia, pneumonia, pleurisy, empyema, pericarditis, and cervical lymphadenitis. 

' A detailed report of gross and histological changes will be given in the near 
future. 
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The findings leave no doubt that pneumococci are able by them- 
selves, Tvithout the aid of any other microorganism or virus agent, 
unless some unrecognized form is present in the test mice or cultures, 
to incite in mice, under stated conditions, certain phenomena of 
pneumococcus infection. 

The titration results indicated (Text-fig. 2), moreover, that a satis- 
factory control of variables had been achieved, since intranasal tests 
run in duplicate or repeated at short interv^als, resulted usuallj’' in 
mortalities which approximated each other vithin 10 per cent. An 
exception is sho^m in the protocol of Strain 411, in which the mortali- 
ties over a 2 weeks period differed by 20 per cent. In these instances 
the routine method for preserving the \drulence of the culture probably 
did not suffice. 

The results indicate also that individual mice of a given test batch 
differ profoundly in their response to pneumococci. Although all 
were reared imder similar conditions, vnthout pre\dous exposure, and 
were given the same dose of the same culture at the same time under 
circumstances in which all knora variables were controlled, some 
proved refractory; some survived and became nasal carriers; others 
developed cervucal adenitis which was usually fatal ; others, fatal pneu- 
monia with empyema and pericarditis; and finally, others, fatal septice- 
mia and death within 72 hours. These differences and others brought 
out in histopathological studies to be described later were apparent 
even when the undiluted culture was employed and are ascribable 
not to chance but to individual differences in inherent resistance 
factors. 

The tests brought out a parallelism between degree of intranasal 
virulence and tendency to persist in sur\dvors and spread to contacts 
to the extent that strains which spread to contacts were invariably 
of higli intranasal virulence and strains which set up the carrier state 
in surv'ivors were generally of moderate or high intranasal virulence. 

Finally, llic strains displayed indiridualitics with respect to their 
intranasal virulences and abilities to persist and spread to contacts. 
Some exhibited high intranasal and low intrapcritoncal virulences— 
No. 411, others, low intranasal and high intrapcritoncal vimlcnccs — 
No. 317 A, — while still others showed inlranasal and intrapcritoncal 
virulences running parallel— No. 270A. Some, but by no means all 



470 


INTRANASAL VIRULENCE OE PNEUMOCOCCI 




strains spread from infected to contact mice, inciting in them in turn 
the carrier state or fatal infection* 
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The individualities of pneumococci with respect to infective poten- 
cies in mice brought out in the previous experiment were analyzed 



Text-Fig, ?d 


further by comp.irinp intrana.'.a! and inlrapcritoncal viru](T.cc,i of the 
twenty-four strain.^ discuf.wd above arui an additional twenty-.c;.t 
strain.':. 
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Experiment 2 . — Of the total 50 strains, eleven were I^^pe I, ten from cases and 
one from a healthy carrier; seven were Type II from cases; fourteen were Tj'pe III, 
eleven from cases and three from carriers; eighteen were other named and un- 
named types, nine from cases and nine from carriers. As stated before, strains 
from cases were obtained usually within 48 hours of admission to tlie hospital and 
strains from carriers directly from the throats of healthy persons. AH strains were 
of the so called "smooth colony” variety. Simultaneous intranasal and intraperi- 
toneal tests were run witli the same culture on twenty and ten mice respectively, 
as described above, sometimes in duplicate, sometimes at short or occasionally 
long intervals. 

The results of 69 intranasal titrations on a total of 1,380 mice and 
69 simultaneous intraperitoneal titrations of 690 mice on the 50 
strains summarized in Text-fig. 3 bear on three main points. First, 


TABLE I 

Classification of Serological Types of Pneumococci According to Inira}wsal and 

Intraperitoneal Virulence 


Type of 
pneumococcus , 

1 

1 

No. of strains 

Per cent with 
high intranasal, 
high 1 

intraperitoneal 
virulence 

Per cent with 
high intranasal, 
moderate 
intraperitoneal 
virulence 

Per cent with 
low intranasal, 
high 

intrjipcriloncsl 

virulence 

Per cent with 
low intranasal, 
low 

intraperitoneal 

virulence 

I 

mi 



— 

72.7 

27.3 

II 


1 — 

28.5 

71.5 

• — 

III 


57.1 

' 21.4 

14.3 

7.2 

Others 

H 

— 

11.1 

22.2 

66.6 


there were repeated demonstrations of the ability of certain strains 
of pneumococci to incite a characteristic picture of a natural infection. 
Second, there was additional evidence of the individuality of strains 
with respect to intranasal virulence. Eight were classed as high m 
intranasal, 38.3 ±3.8 (standard error) per cent and high in 
peritoneal, 6.5 ± 0.08 virulences; seven as high in intranasal, 31.2 ± 2. 
per cent, and moderate in intraperitoneal, 4.7 ± 0.07 virulences; nine 
teen as low in intranasal, 7.4 ±1.5 per cent, and high in intrapcri 
toneal, 6.8 ± 0.03 virulences; and sixteen as low in intranasal, 3. 
± 1.2 per cent, and low in intraperitoneal, 1.8 ± 0.34 per cent \iru 
lences. One exceptional strain. No. 171 A, with high intrapcritonca 
virulence, might be placed either in the high or low' inlranasal groups- 
It was included in the latter with most of the otlicr Type I strain-. 
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Third, there were positive and negative relationships between amount 
of intranasal virulence of strains and other properties. Thus, intra- 
nasal virulence did not parallel degree of intraperitoneal \drulence in 
50 per cent of cases. Moreover, strains of both high and low intra- 
nasal virulences formed smooth colonies suggesting lack of complete 
relationship between intranasal virulence and S substance. Again, 
degree of intranasal virulence did not appear to be related to source 
of strain in humans. Of the eleven Type III strains from cases, ten 
were of high intranasal virulence, while of three Tj^e III strains from 
the nasopharynx of healthy persons, one was of high intranasal \dru- 
lence.^ A possible relationship to serological type is suggested by 
the data (Table I). Of eleven Type I strains, all were of low intra- 
nasal virulence, although 72 per cent were of high intraperitoneal and 
27.3 per cent low intraperitoneal virulence. Of seven Type 11 strains, 
28.5 per cent were of high intranasal and moderate intranasal virulence, 
and 71.5 per cent of low intranasal and high intraperitoneal virulence. 
Of fourteen Type III strains, 78.5 per cent were of high intranasal 
virulence — 91 per cent of Type HI strains from cases belonged in this 
category. And finally, of eighteen other named and unnamed strains, 
only 11.1 per cent showed high intranasal virulences. In brief, T\pe 
I strains were of low intranasal \drulence; Type II strains low or high; 
Type III strains high; and strains of other tjpes were generally low. 
The possible significance of these relationships vdll be discussed later. 

Titrations of sputum and throat strains from the same person and 
different strains of the same Upe obtained at the same time from the 
same person gave comparable results. 

The remainder of this report deals with the stability of intranasal 
virulence of pneumococci for mice. Pneumococci are perhaps the 
classic example of bacteria pathogenic for human beings, whose viru- 
lence by animal test is regarded as labile. This \new is based on the 
fact that repeated intraperitoneal passage in mice of a laboratory* 
Ncufeld T\pc I strain, the pathogenicity of which has dropped so low 
that 100,000,000 organisms injected intrapcriloncally fail to kill, will in 
certain cases have the consequence that as few as ten organisms prove 

" Eiphlccn additional carrier T> 7 >c III strains obtained from sixteen youn^: 
aduUs over a 5 weeU period did not diilcr sipiificantly In lntra.na 5 al ri.mlcncc 
fro:n case Type 111 strains hobted and titrated at aboet the same tin:e. 
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fatal by the intraperitoneal route. These and similar experiments 
with streptococci and other organisms have been given broad epidemi- 
ological interpretation. Opposed to these data, however, are experi- 
ments with bacteria native to the test host in which freshly isolated 
strains are administered by way of the normal portal of entry in doses 
comparable witli those in nature. Under these conditions, the mani- 
festations of the natural infections are observed under controlled 
circumstances and virulence has proved relatively stable (17). 

The opposing views have now been tested by comparing the stability 
of what might be called relatively natural, that is intranasal virulence, 
and artificial or intraperitoneal virulence of fresh strains of pneumo- 
cocci. The test is incomplete in that the test animal, the mouse, is 
essentially a foreign host. To this extent, therefore, not only the 
intraperitoneal test, but the intranasal test as well, must be regarded 
as unnatural. 

The first series of experiments dealt with the effect of the passage 
of pnemnococci from host to host by way of the nose on botli intra- 
nasal and intraperitoneal virulences. 

Experiment 3. — K series of passages was made by transferring re- 
peatedly a blood culture from a mouse dying of the infection to the 
nasal passages of healthy mice. 


Nineteen strains were employed; two Type I, five Type II, ten Tj'ps 
two otlier named types from cases of lobar pneumonia. The strain, first seeded 
into pneumococcus broth from the blood of a mouse dying after intraperitonMl 
injection of the organisms, was diluted 1:100 and given in 0.03 cc. quantities in- 
tranasally to ten or twenty mice according to the usual routine. From the he.'irt s 
blood of the first mouse to die following the intranasal instillation, a cultures as 
taken, seeded to broth, diluted, and given intranasally as before to a second batch 
of mice. This procedure was repeated routinely. Intraperitoneal virulence tests 
were done on tlie unpassed and suitable passed cultures. Carrier tests were ma c 
on survivors at various intervals after exposure. 


Protocols of tests with four strains are given in Text-fig. 4. Pas- 
sage led invariably to a sudden drop in intranasal virulence from a 
level characteristic of the strain to zero. This drop occurred after 
few or many passages, depending on the strain tested. No change m 
the intraperitoneal virulence of the passage culture was detectcc . 
The smooth type of colony on blood agar and agglutinative proper 
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ties ■were apparently unaltered. Persistence of the organisms as 
measured by carrier rates did not change materially with passage nor 
•with the drop of intranasal virulence to zero. 

Experiment 4 . — ^In this series, pneumococci were passed from the 
nasal passages of suivd-vdng carriers to the nasal passages of unexposed 
healthy indhdduals. 

The following procedure was carried out on four strains; one Tj-pe I, one Tj-pe 
II, and two Type III. The test strain was injected into the peritoneal cawty of a 
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Tcxt-Fig, 4 


mouse and recovered 24 hours later from the dead animaVs heart blood. The 
culture, grown S hours in blood broth, was diluted as usual and given intranasally 
to twenty mice. Approximately 2 weclis later, carrier td-ts were done on sur- 
vivors, a pneumococcus colony from a positive plate transferred to broth, incu- 
bated IS hours, diluted, and administered intranasally to ten mice. This proce- 
dure was repeated. As a control, case to case passages, as dcscrilicd in Experiment 
a. were run simultaneously with the same strain. That is. frem the first meu'e 
to die of the first group infected intranasally, a blood culture vr.as cbtalnec! and 
given intranasally to a second group. Tills was continued in series. 

ITc results of intmirnsnl passage of two strains are shov.r. in Text- 
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In each instance, passage of pneumococcus from nose to nose resulted 
in a drop in its intranasal virulence from its characteristic level to 
zero. Indeed, the drop occurred more quickly when the culture was 
passed via this relatively normal route than when it was passed from 
blood of fatal cases to nasal passages of healthy mice. Intraperi- 
toneal virulence, however, was not altered. Persistence, as measured 
by carrier rates, was apparently not affected. Smooth type colony 
and agglutinative characteristics remained apparently unchanged. 

Experiment 5. — Strains of pneumococci were not only passed intra- 
nasally but were tested after a sojourn of several weeks in the nasal 
passages of an individual. 



A given strain was instilled into the nasal passages of mice in tlie routine manner. 
2 to 12 weeks later, carrier tests were made on survivors and cultures from positnc 
cases were seeded into blood broth, incubated 18 hours, diluted, and given mtra 
nasally to a test group of twenty mice. The results were compared with those o a 
similar titration made with the freshly isolated strain given the usual single pcri^ 
toneal passage. Intraperitoneal virulences of carrier strains were also dclcrmincf 
and compared with those of the freshly isolated strain. 

The results of tests on fourteen carrier cultures from seven strain.s, 
one Ty'pe I, one Tyqie II, three Type III, and two other named tjpe., 
are given in Text-fig. 6. In no instance was the intranasal \ iru ence 
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of a carrier culture significantly greater than that of the original strain; 
on the contrary, it was usually markedly decreased, Intraperitoneal 
virulence, smooth colony form, agglutinative, and other properties 
were apparently unaltered. 

To summarize briefly, passage of pneumococci through mice by 
way of the nose led consistently to a loss of intranasal \drulence; such 
passage, however, did not change the intraperitoneal virulence, nor 
colony and agglutinative properties. 

Finally, passages were made by transfers of mouse heart’s blood 
cultures vnthout cultivation on media to peritoneal cavity of mice. 



Text-Fic. 6 


Under these conditions certain laborator\’ strains are known to increase 
in intraperitoneal virulence. 

Experiment 6 . — Serial intraperitoneal passages were carried out on tlircc Tipc I 
strains, one T\*pc II, four T>*pc III, and one each of T\'pcs VIII, XIX, XX, and 
X. Tlicsc were all smooth colony forms freshly isolated from human cases of 
lohar pneumonia. 

Fadi lest culture ^^7ls injected into the peritoneum of a mouse and Iransfcrrcfl 
shortly l>eforc or after the death of the animal by remoring tlic heart, cutting it 
into small bits ascptically, and washing it with 2 cc, of pneumococcus broth. Tliii 
broth containing pneumococci from the heart’s blood was then immc<iiatc!y in- 
jected in 1 cc. ejuantitics into the peritoneum of two mice. Tills passage proce- 
dure was continued routinely tvcr>* 2'? hours. At suitable ir.ter.ab comjcirativc 
titrations ^^e^c made of parsed and unpas.rei! cultures. TT.e pars>ed culture was 
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taken from the heart’s blood of a mouse dead following intraperitoneal injection, 
placed in pneumococcus broth, and growm 18 hours in the incubator; the unpassed 
culture was taken from the stock blood agar slant, injected into the peritoneum of a 
mouse, transferred from its heart’s blood shortly before or after death to pneu- 
mococcus broth and incubated 18 hours. The numbers of organisms per cubic 
centimeter in the unpassed and passed cultures were found to be similar. Both 
were diluted in the routine manner and administered intranasally and intraperi- 
toneally into the usual batches of twenty and ten mice respectively. 

The results of these tests are summarized in Text-fig, 7. The first four strains, 
Nos. 28, 32, 12, and 19, were initially high in intraperitoneal virulence. No. 
28, Type I, was tested on three occasions b}*" simultaneous titrations of unpassed 
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Text-Fig. 7 


and passed cultures: Nov. 1, 1932, three passages; Nov. 15, 1932, fifteen passages, 
Nov. 20, 1932, twenty passages. In each instance the intraperitoneal wulcncc 
was maximum, 10“’, and the intranasal virulence zero. Strain 32, Type , 
was tested twice: once on Nov. 15, 1932, when the ten passage strain showed an 
intraperitoneal virulence of 10"’ and an intranasal virulence of 10 per cent, an 
again on Jan. 17, 1933, after 55 passages, when simultaneous titra^tions of unpassC 
and passed cultures showed intraperitoneal virulences of 10"' and intranasa^ 
virulences of 10 per cent and 0 per cent respectively. Strain 12, T.vpc III, 
tested three times: once on Nov. 3, 1932, with simultaneous titrations of unpassc ^ 
and twenty passage cultures showing intraperitoneal virulences of 10"' and intra 
nasal virulences of 0 per cent and 20 per cent respectively; again on Dec. l-J, ■ 
when the unpassed culture showed an intraperitoneal virulence of 10"* and an m 
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tranasal vinilence of 10 per cent, and the thirty passage culture an intraperitoneal 
virulence of lO"'^ and in tranasal virulence of 0 per cent; and a third time on Jan. 
17, 1933, when the 56 passage culture showed an intraperitoneal virulence of 
10"’ and an intranasal virulence of 0 per cent. Strain 19, Tj’pe m, was tested 
three times, — once on Nov. 1, 1932, when the nine passage culture showed an in- 
traperitoneal virulence of 10"’ and an intranasal virulence of 40 per cent; again 
on Dec. 9, 1932, when the unpassed and thirt}" passage cultures showed intraperi- 
toneal virulences of 10"’ and intranasal virulences of 45 per cent and 50 per cent 
respectively; and finally on Jan. 17, 1933, when the 60 passage culture showed an 
intraperitoneal virulence of 10"’ and an intranasal virulence of 20 per cent. The 
other four strains were initially low in intraperitoneal virulence. Strain 714, 
Type VIII, showed unpassed on Apr. 2, 1932, an intraperitoneal ^drulence of 10"^ 
and an intranasal virulence of 30 per cent. On Jime 5, 1932, the five passage cul- 
ture showed an intraperitoneal virulence of 10"* and an intranasal ^’inllence of 25 
per cent; on June 20, 1932, the fifteen passage culture an intraperitoneal \’irulence 
of 10"* and intranasal virulence of 35 per cent; and finally, on July 1, 1932, the 
unpasscd and twenty-four passage cultures, an intraperitoneal ^drulence of 10"* 
and intranasal virulences of 30 per cent and 35 per cent respectively. Strain 61 4 A , 
T>'pc XIX, showed on Nov, 14, 1931, and Feb. 8, 1932, the unpassed culture to be 
of 1 cc. intraperitoneal and 0 per cent intranasal \irulenccs. On Feb. 8, 1932, a 
twenty-five passage culture showed an intraperitoneal \dnilence of 10"® and an 
intranasal \drulcncc of 0 per cent; on Mar. 8, 1932, simultaneous tests showed the 
unpasscd culture to be of 1 cc. intraperitoneal and 0 per cent intranasal \nrulcnccs 
and the forty-seven passage culture of 10"® intraperitoneal and 0 per cent intra- 
nasal virulences. Strain 591 .A, Tv^^e XX, was tested on Feb. IS, 1932, after 
twenty-five passages. The unpasscd culture showed an intraperitoneal virulence 
of 1 cc. and an intranasal virulence of 0 per cent*, the passage culture an intraperi- 
toneal virulence of lO’® and an intranasal virulence of 0 per cent Strain 73.3, 
Tv*pc I, showed an intraperitoneal virulence of the unpasscd culture on June 3, 
1932, of 1 cc. and an intranasal virulence of 0 per cent; on June 5, 1932, the ten 
passage culture had increased in intraperitoneal virulence to 10"’, but its intrana- 
sal virulence remained at 0 per cent; and on June 16, 1932, tlic twenty passage 
strain, when injected intrapcriloncally, kiDcd in a dilution of 10"’, but failed to 
kill when given intranasally. 

In brief* fresh strains of pneumococci from human cnscs of initiallv 
high or low inlrapcritoncal virulence, when passed through mice In' 
intraperitoneal injections, did not increase in intranasal virulence hut 
maintained their characteristic level. Some strains did show an in- 
crease from low to high intraperitoneal virulence. No chances in 
colony form or agglutinative properties were notal. 

Two fresh strains from healthy carriers gave similar results. 
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frelldv “solaM ■" ““'i' "’‘h 

differpnf c ° colony forms of pneumococci from 

e SrTa o f'? , standardized conditions, such as are 

cordit ons^ ‘>“= type of work. The technique reproduced normal 
COTditions m so far as small doses, portal of entry, and setting up of 

cocdTn r T" “d was artificial in that pLmo- 

Zst o 7 " The data bear on special 

epidemi” infection and more general questions of 


Tire first question relative to pneumococcus infection is whelhei 
e pneumococcus m nature is a primary or secondary invader. The 
tune-honored belref in its essential pathogenicity (18, 19) is being 
questroned rn the light of the realization that pneumococci occur with- 
out ham in the nasopharynx of healthy persons, that they do not by 
incite lobar pneumonia in the experimental animal, 
an at, 1 'e influenza bacilli and other organisms, they may give 
rise to more typical experimental infection when associated with a 
virus. The present experiments, however, confiming and amplifying 
previous work (12-16), support the older view in demonstrating that 
pneumococci are capable by themselves, — unless indeed the action 
o some attendant virus wdth unique, unknown properties is h}poth- 
esize , of inciting a natural infection in mice, persisting in the 
nasopharynx of survivors, and spreading to contacts. 

The next point to be noted is that any given strain of pneumococcus 
evoked different responses in different individual mice and in different 
batches from knowm susceptible or resistant stocks (20), ranging from 
the refractory or carrier state to acute septicemia and death. This 
senes of differences compares closely with those described in native 
mouse typhoid (21) and rabbit and fowd Pasteurella infections (22, 
23) especially, in which all variables save those referable to the host 


were apparentl 3 '' controlled. The finding agrees with the recent obscr- 
^ ations of Goodner and Stillman (24) on intracutaneous infections of 
rabbits ^^'ith pneumococci, indicating that degree of infection depends 
as much upon host as bacterial properties (17). 

Third, the experiments bear out the observ’ational data on human 
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bemgs as concerns the individuality of strains of pneumococci of the 
same or different types (9, 10). Under the conditions specified, 
strains have sho\\Ti determinate and characteristic pathogenic proper- 
ties with no evidence of colony dissociation or serological tj’pe trans- 
formations. 

Fourth, a certain lack of relation between degree of nasal \drulence 
of pneumococci and amount of specific substance present, already 
commented on by others who have encountered smooth colony strains 
with no intraperitoneal mouse virulence (25), is suggested by the facts 
that the intranasal virulence of smooth colony strains may be high 
or low irrespective of intraperitoneal virulence, and drops to zero 
when strains are passed through mice by intranasal instillations, 
without affecting intraperitoneal virulence or smooth colon}*' form. 

Fifth, to the extent that intranasal titrations measure the natural 
virulence of pneumococci for mice, T>^e III strains must be regarded 
as more virulent than Type II, and T}pe 11 more vnrulent than Tjpe I; 
but whether or not intranasal titrations in mice measure the natural 
virulence of pneumococci for human beings is a matter for conjecture. 
True, the intranasal method shows in the case of Types I, II, and III 
strains relative mouse mortalities which are consistent \sdth human 
pneumonia mortalities. But since mortalities of human cases must 
reflect uncontrolled host as well as \’irulcnce factors (26), there is in 
reality very little basis for comparison. 

Two findings of general epidemiological significance bearing on the 
question of stability of bacterial virulence are that the intranasal 
virulence of pneumococci for mice was in no case enhanced, and instead 
of remaining stable dropped to zero when the organisms were pa5sc<l 
by way of the nose. Failure to increase intranasal virulence of pneu- 
mococci (even under conditions in which the intraperitoneal virulence 
was enhanced) is in agreement with experience v,nth other bacteria 
tested in their native host under relatively natural conditions fl7). 
Failure to maintain the cliaractcristic virulence of pneumococci, the 
phenomenon of its total loss, is the first exception encountered by us 
to the general finding that native virulence is relatively stable. It is 
referable in all probability to the fact that in nature pneumococci do 
not readily infect and hence that we are not actually dealing v.ith 
native virulence. 
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CONCLUSIONS 


1. Smooth colony pneumococci fresh from human beings, instilled 
in small doses into the nasal passages of special mice raised under 
standard conditions, brought about a characteristic infection and this 
spread to healthy contacts inciting in them the carrier state or fatal 
infection. 

2. Differences in individual host response to the same dose of a given 
culture ranged from a complete refractory or nasopharyngeal carrier 
state, or a local cervical lymphadenitis, to fatal lobular or lobar pneu- 
monias with or without pleurisy, empyema, and pericarditis, and acute 
fatal septicemia. 

3. Pneumococci exhibited consistent individual strain differences 
with respect to ability to infect, when instilled intranasally into mice, 
and also differences in the spread to contacts. Degree of intranasal 
virulence paralleled demonstrable ability to spread to contacts. 

4. Degree of intranasal virulence of strains did not parallel mtra- 
peritoneal virulence in 50 per cent of strains — ^high intranasal was 
accompanied by either high or moderate intraperitoneal virulence, 
and low intranasal by high, moderate, or low intraperitoneal virulence. 

5. Type III strains were of relatively high intranasal and intra- 
peritoneal virulences; Type II strains mostly low in intranasal but 
high or moderate in intraperitoneal virulence; Type I strains all low 
in intranasal but either high or moderate in intraperitoneal virulence. 


Most strains of other t3Tpes were low both in intranasal and intraperi- 
toneal virulences. 

6. The intranasal virulence of pneumococci w^as not enhanced b) 
animal passage. Nasal passage reduced the intranasal virulence to 
zero but did not affect intraperitoneal virulence, colony form, an 
agglutinative specificity. Passage by the intraperitoneal metho( 
maintained the characteristic level of intranasal virulence for a peno , 
increased intraperitoneal virulence in some instances, but did not 
affect colony form or agglutinative properties. 
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THE FIBRINOLYTIC ACTmTY OF HEMOLYTIC 
STREPTOCOCCI 


By ^TLLIA:^! S. TJLLETT, R. L. GARXER, PhJ). 

{From the Biological Division of the Department of Medicine of the Johns Hopkins 
Medical Schoolj Baltimore) 

(Received for publication, June 27, 1933) 

The findings presented in this communication demonstrate the 
capacity of broth cultures of hemotytic streptococci to liquefy rapid!}' 
the clotted fibrin of normal human plasma. The experiments have 
been carried out in such a manner as to emphasize the rapidity with 
which active cultures transform solid clot into a completely liquid 
state, and to bring out other special characteristics of the fibrinolysis 
by hemolytic streptococci which differ in some respects from the 
orderly digestion of solid protein material by proteoh'tic enzjmes. 
The observ^ations contained in this report are chiefly limited to a 
consideration of the presence of fibrinolytic substances in cultures 
and the conditions of fibrin coagulation which influence the occurrence 
of liquefaction. Additional lines of investigation, suggested by the 
results, arc not yet complete. Consequently the present communi- 
cation makes only brief mention of some of the results which will be 
presented in detail in subsequent publications. 

ITic experimental conditions under which the clot-dissolving prop- 
erty of cultures is most strikingly demonstrable consist in mixing 
the cultures with plasma or fibrinogen before inducing clot formation. 
By this procedure the organisms and their products arc disseminated 
within the body of the clot as it forms, thus affording maximum sur- 
face contact between the active bacterial agent and the fibrin sub- 
strate. Under these conditions the quantity of plasma clot em- 
ployed in the experiments is liqucficfi in a few minutes, whereas lh,c 
same amount of plasma, clotted before the addition of cultures, rc- 
quires several hours incubation to effect the same d(greo of dh'^luthn. 
llic strains ol Slrrplccccrus linnclyticus employed in tiic te-ts have 

4^5 
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given in Tahlp T ^-u i- ^ ^ 7 sources of the cultures are 

of seDticemla ^ ^ 1 ^ iriclndes streptococci isolated from cases 

other^diseases tonsillitis, ceUulitis, and 

coccT of an Ll ^^™°l 3 ^tic strepto- 

ZrvatioLTi"^^^ 

bacterial snenV f ^ strains of other pathogenic 

absence of fm- M Purpose of determining the presence or 

absence of a sunilar fibrinolytic property. 

chmMvlrrr/7“ 

lants whlf i formation was induced by appropriate coagu- 

ants which are described m the detailed experiments. 

Materials and Methods 

‘ to pH 7.6, and containing 0.05 

contains 1 dp culture medium regularly emplo 3 'cd. The broth 

curred rarP^ cent peptone but is not buffered. The final pH, aftLgrowth has oc- 
h^d bP^nTn '“ts were performed with fresh cultures whid. 

I -Sr 1, ' was rarely encountered. 

■Rprlrpfplr?\r u carried out in the usual manner, aided by suction. 

f™f.r ; “'J Seitz filters were employed. Sterility of the «• 

trates was always determined by cultures. 

n 09 Potassium oxalate has been regularl}^ emplo 3 "ed in amounts of 

w;?fp to 10 cc. of blood, A 2 per cent solution is made in distilled 

cf pri*r' ution is placed in small bottles which are heated in a dry air 

er un. a water has evaporated. 10 cc. of blood, immediately after with- 
rawal, is mixed wiUi tlie dried powder. 0.03 to 0.04 gm. of oxalate per 10 cc. of 

blood is used to obtain rabbit plasma. 

reparation of ribrinogcn. The fraction of plasma proteins precipitated at 25 
per cen samration v ith ammonium sulfate has proved to be a suitable fibrinogen 
solution. To o.xalated plasma, a saturated solution of ammonium sulfate is added 
drop by drop until the amount of ammonium sulfate equals one-tliird Uie volume 
sulfote^^* fixture is stirred constantl}" during the addition of ammonium 

• flocculated protein is collected by centrifugation, and the supernatant liquid 
IS iscar ed. The precipitate is washed once with 25 per cent saturated ammo- 
mum sulfate solution, centrifuged, and drained free of wash liquor. The protein b 
t en issohcd in at/IOO phosphate buffered ph 3 'siological salt solution (pH 7.4). 

e amount of solvent which is added, makes the final protein solution equal the 
volume of plasma originall 3 * emplo 3 ’ed. 
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Preparation of Thrombin } — ^The method consists of two stages. 

First, predpitation of prothrombin from plasma. Oxalated plasma is diluted 
wth a tenfold volume of cold, distilled water and maintained at ice bath tempera- 
ture while carbon dioxide is passed through the mixture. After 10 minutes this 
operation is interrupted and the flocculent protein collected by centrifugation. 
The predpitate is dissolved in a volume of physiological salt solution slightly less 
than the volume of plasma originally employed. The hydrogen ion concentration 
of this solution is adjusted to pH 7.4 by means of a trace of solid sodium bicarbon- 
ate. This method separates prothrombin from the plasma but also predpitates 
some fibrinogen and other plasma proteins. 

Second, conversion of prothrombin into thrombin. A 2.5 per cent solution of 
caldum chloride is added in a ratio of 1 cc. for each 10 cc. of prothrombin solution. 
After 5 to 10 minutes the solution coagulates to a thick geL By careful manipu- 
lation the fibrin is rolled into a compact mass, and the e.xpressed fluid is filtered 
through paper. This faintly opalescent solution usually possesses a high coagulat- 
ing actidty with cither plasma or fibrinogen. 

Fibrinogen and thrombin prepared according to the methods just described are 
sometimes labile and may deteriorate rapidly. Although some lots of each have 
maintained the original property for several da>*s w'hen kept in the ice box, it is 
best to use the materials on the day of preparation. In making tests for fibrinoly- 
sis, the ph>'siological activity of both fibrinogen and thrombin was first established. 
Activity w’as deemed satisfactory' when 0.5 cc of undiluted fibrinogen formed a 
solid clot with 1 drop of thrombin solution. 

Coagulants, 1, Thrombin. — 0.1 cc of thrombin solution was used to coagulate 
0.2 cc. of plasma or fibrinogen. This ratio alwa>*s insured complete dot formation 
in 1 to 3 minutes. 

Z. Calcium Chloride, — 0.25 cc of a 0.25 per cent solution of CaCIj in 0.85 per 
cent salt solution consistently dotted 0.2 cc. of oxalated plasma in 8 to 20 minutes. 
0.3 to 0.35 cc. of 0.25 per cent CaCl; solution was added to rabbit plasma since a 
larger amount of oxalate was mixed with the whole blood. The solution of caldum 
diloridc w'as sterilized by immersing in boiling water for 30 minutes. 

Oxalated plasma w’hich has stood for 3 da\*s or more is rarely coagulablc with 
CaCl:. A distinct delay in dotting is usually noted in 2 day old plasma. The in- 
ability of caldum to coagulate old oxalated plasma is usuallv attributed to the 
rapid deterioration of prothrombin; the addition of thrombin to old plasma results 
in the formation of solid dot. 

In the experiments rcportwl in this artidc samples of plasma were alv,’ 2 >'s tested 
within 2*1 hours of the lime of blood withdrawal. 

Dcscrifllcn cf Fes'. — ^Aftcr numerous trials with varv'bg amounts of the dificrent 
constituents, the following standard procedure was adopted; 0.2 cc. cf oxahte^i 

' The authors are indcbtc<i to Dr. Harry Ikiglc for the methyl by wh:d: throm- 
bin solutions were prepared. Tlic description, prcscntc'i here. Is given with his 
kind jKnnhvrion. A more detaSed report will be publhbcd by Dr. Earle. 
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plasma is diluted with 0.8 cc, of physiological salt solution. To this 1 to 5 dilution 
of plasma, 0.5 cc. of broth culture or sterile filtrate of test organism is added and 
well mixed. Coagulant is tlien added and well mixed; if CaClo is used, 0.25 cc. of 
0.25 per cent solution is added, if thrombin is employed, 0.1 cc. is added. The 
tubes are immediately placed in water bath at 37.5°C. The time at which solid 
coagulation occurs is noted. Solid coagulation is considered to be effected when 
the tube can be inverted without affecting the solid form of clot which adheres to 
the bottom and sides of the tube; usually no fluid, or only a small drop, escapes 
from the solid dot on inversion of the tube. 

The tubes are allowed to remain in the water bath under continual observation. 
Complete dissolution of tlie dot is recorded as the time at wfiich all evidence of 
fibrin has disappeared, and the contents of the tube are completely fluid. As dis- 
solution begins, the first softening of the dot ma}'' be noted by gently shaking the 
tubes. This movement causes a wave-like motion to pass vertically down through 
the body of the dot. The coagulum then releases itself from the sides of the tube 
and usually forms a small mass which, a few minutes later, may be made to disap- 
pear by moderate agitation. All tests in which the plasma dot was resistant to 
dissolution were arbitrarily terminated after 24 hours incubation. 

In the tables presented in this communication ‘^complete dissolution^^ refers to 
the interval of time between formation of solid dot and complete liquefaction. 
The time necessary for dot formation is not given special consideration in this 
record. 

By recapitulation, a test is as follows: 

0.2 cc. plasma (or fibrinogen) -f 0.8 cc. physiological salt solution + 0.5 cc. cul- 
ture (or filtrate) + 0.25 cc. CaClo (or 0.1 cc. thrombin). 

Unless otherwise specified, all tests were done with standard quantities of the 
various constituents. 

Fibrinolytic Tests with Ewnan Strains of Hemolytic Streptococci 

Twenty-eight strains of hemolytic streptococci of the beta type 
(Brown (1)) have been tested for the capacity to liquefy normal 
human plasma clot. The results are recorded in Table I. 

From the table it can be seen that cultures of all the strains contain 
substances capable of causing fibrinolysis. Most of the strains effect 
complete dissolution in less than 20 minutes. With others the spec ^ 
of clot-liquefaction varies but every strain of hemolytic streptococci 
derived from patients contains the active principle. Up to the present 
time no relationship has been noted between the disease source o 
organisms and fibrinolytic potency. ^ • 1 » 

As noted in the table some of the strains were tested ii^cdiate > 
after isolation w^hile others have been in laboratory cultivation or 
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TABLE I 


Strains of Eevwlylic Streptococcus Isolated from Patients 
Fibrinolytic Activity against Human Fibrin Clot 


Xo. 

Patient 

Source of ctUture 

Disease 

Lenj^th of 
laboratory 
culti%*atioa 

Ccrai^ctc dissolatioa 

Clo 

FUsir.a* 

of 

Fibrinogen! 

1 

Co. 

Blood 

Septicemia 

2 yrs. 

10 minuj 

2 min.J 

2 

Le, 

« 

It 

2 “ 

10 

it 

2 

It 

3 

Ma. 

u 

u 

2 “ 

20 

ft 



4 

Bo. 

tt 

tt 

1 wk. 

10 

tt 

2 

tt 

5 

OL 

Throat 

Acute tonsillitis 

2 JTS. 

15 

tt 



6 

Hi. 

f( 

It tt 

4 da>*s 

40 

tt 

5 

tt 

7 

BL 

ft 

tt tt 

4 “ 

10 

it 

2 

it 

8 

Hu. 

it 

tt tt 

4 '' 

10 

It 



9 

Ja. 

it 

Scarlet fever 

1 >T. 

30 

tt 



10 

Th. 

tt 

K tt 

0 mos. 

40 

tt 



11 

Sh. 

If 

tt tt 

6 “ 

10 

tt 



12 

Mi. 

tt 

tt tt 

1 mo. 

10 

tt 

2 

ft 

13 

Ur. 

it 

« tt 

2 daj-s 

50 

tt 

6 

ft 

14 

Si. 

it 

tt tt 

2 “ 

10 

tt 

2 

ft 

15 

Po. 

tt , 

It tt 

2 " 

40 

It 

4 

tt 

10 1 

Pr. 

tt 

tt tt 

2 1 

15 

ft 

2 

tt 

17 

Zb. 

tt 

ft (t 1 

2 “ 

50 

it 

6 

tt 

18 

Shy. 

it 

tt tt 

2 “ 

40 

tt 

6 

tt 

19 

Ch. 

Ear 

Otitis media 

2 “ 

20 

tt 

3 

tt 

20 

La. 

Throat 

Erj'sipelas 

2 wks- 

10 

it 



21 

Br. 

(( 

tt 

1 mo. 

10 

a 



22 

Ro. 

Skin 

it 

6 mos. 

25 

tt 



23 

Pr. 

Pleural fluid 

Empyema 

1 wk. 

10 

tt 

2 

it 

24 

Sm. 

Tonsil 

Acute nephritis 

7 yrs. 

10 

it 



25 

Ta. 

it 

tt tt 

7 “ 

15 

tt 



26 

Me. 

Throat 

it it 

7 » 

10 

it 



27 

n.a. 

Skin pustule 

it it 

2 mos. 

10 

li 

2 

tt 

28 

Ub. 

Skin 

Cellulitis 

3 

20 

it 




All lul>cs incubalcd in 'v\'alcr balh al 37.5'C. 

• Pla<^ma dolled v.'ilh CaCl* 
trjbnnof:cn dolled wiih human thrombin. 

t Time indicite^l is intcr\*a! between formation of solid dot and complete lique- 
faction. Rci>caicd lesliv have been made with many of the slrainf. Tlic averare 
rale of dissolution is noted In the table. 
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several years. Strain Co., continually highly active for 12 months, 
has been used in most of the tests. This strain was originally isolated 
by blood culture from a fatal case of septicemia and has been carried 
in the laboratory for 2 3 ’-ears. 

Although fibrinolytic activity is maximum in freshly transplanted 
cultures which have been incubated 18 to 24 hours, the property 
may be retained for several days. Deterioration of the active prin- 
ciple supplied by the organisms, however, is noticeable within 1 to 2 
weeks, even at ice box temperature. Consequent!}’-, in an attempt 
to obtain a maximum uniform effect, broth cultures were always 
used the day following inoculation. In spite of the fact that tliis 
procedure necessitated the use of fresh subcultures frequently, the 
yield of active material maintained a constant high level. 

In addition to tests performed with the clot of whole plasma, 
fibrinogen has been chemically removed from plasma and used as a 
source of fibrin. Coagulation, in these instances, has been induced 
by the addition of thrombin solutions, also derived from whole blood. 
The fibrin formed by the combination of chemically isolated fibrinogen 
and thrombin solution is called fibrinogen clot in tliis article, to dis- 
tinguish it from the clot of whole plasma coagulated by calcium whicli 
is referred to as plasma clot. The fibrinogen clot, consisting of 
fibrinogen plus active culture plus thrombin, has been obsen'cd 
for fibrinolysis in exactly the same manner as that employed with 


plasma clot. 

The results of tests with 15 strains of hemolytic streptococcus 
against fibrinogen clot are given in Table I and demonstrate that 
with this material, fibrinolytic activity proceeds with greater rapidity 
than it does against the fibrin of whole plasma. The culture of 
Strain Co., for example, which liquefied plasma clot in 10 minutes, 
dissolved a relatively comparable amount of fibrinogen clot m 
minutes. The exact amount of fibrin in the plasma clot and the 
fibrinogen clot W'as not determined and the comparable experiments 
recorded in the table indicate only the qualitative character of t ic 
phenomenon rather than accurate quantitative titrations, which 
be subsequently published. That whole plasma contains a propertj 
which may delay or even inhibit the fibrinolytic activity of 


organisms ■v\rill be referred to later in this article. 
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Fibriitolylic Tests 'onth Animal Strains of Hemolytic Streptococci 

In addition to the 28 strains of hemotytic streptococci derived from 
patients, 18 strains from animal sources have been similarh* tested 
for the capacity to liquefy coagulated plasma and fibrinogen. These 
strains are hemolytic streptococci of the beta tj'pe and equally as 
active in producing hemolysis as the human strains. The results 
of tests -with broth culture of the 18 animal strains against human 
fibrin clot are recorded in Table 11. 


TABLE n 


Animal Strains of Hemolytic Streptococcus 
Fibrinolytic Activity against Human Fibrin Clot 


Ko. 

Stiam 

Anlaial source 

Coniptclc 

Go 

Plasrua* 

ilssolution 

tof 

Fibriuorcuf 

1 

K226 

Rabbit 

Neg. 24 hxs.i 

Xcg. 24 hrs.t 

2 

K 158A 

if 

U 24 « 

“ 24 

3 

K 158B 


« 24 “ 

« 24 “ 

4 

K ISSC 

It 

30 min. 

S min. 

5 

K 158D 

(t 

‘Xcg. 24 hrs. 

Xcg. 24 hrs. 

6 

K 15SE 

IC 

“ 24 “ 

« 24 

7 

K ISSF 

tt 

« 24 

“ 24 

8 

V 10 

Cow 

JO min. 

5 min. 

9 

K 56 

Guinea pig 

Xeg. 24 hrs. i 

Xcg, 24 hrs. 

10 

K G1 

<( <1 

SO min. 

S min. 

11 

K 64 

tt 

Xcg. 24 hm. 

Xcg. 24 hrs. 

12 

K ICW 

ft tt 

« 24 “ 

it HM it 

Ah 

13 

P454 

tt It 

tt 24 « 

it 24 ** 

14 

J20 

tt it 

« 24 " 

U 24 " 

15 

Br 1 

Rabbit 

« 24 « 

it 24 ** 

16 

nr 2 

Guinea pig 

tt 24 ** 

ti 24 ** 

17 

11 1 

Home 

(1 "j t tt 

Ah 

tt 'y t it 

».H 

IS 

R 1 

Rabbit 

it H t if 

Ah 

it 24 ** 


All lubes incubn-lcd in ^vatcr bath at 37.5'C. 

* riafma dolled with CaCl;. 
t Fibrin open dot let! with human ihrombb. 

t Time indicate;! intcn^al bctv.-cen formation of solid dot and complete 
faction. All experiments tcrminatcii after 24 hours mrubalion. 

Strain^ 1 to 14 v,erc kindly supplic^i by Dr. R. C. I^nccncld, Hc^pital cf The 
Rockefeller ln<!i!u!r. New York. 


Slrains 15 and lb uere I Indly ruppIiH by Dr. J. Ifo'A-a 
Ralhclopy and Bactcridop)', John^ Hcpktns Medical Sch 


*d Rrown, r'rjtartmer.t 
>:>!, IU!tIm-rc, 


<{ 
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From the table it can be seen that 15 of these strains are totally 
incapable of inducing clot liquefaction even though the method of 
experimental procedure was identical with that used in testing the 
human strains. 

Concerning the 3 strains of animal source which liquefied human 
dot, it is interesting to record that their cultivation on blood agar 
yielded, with each of the strains, two distinct types of colony; one 
type was small with a wide zone of hemolysis; the other type was 
larger, tended to be mucoid, and had a relatively smaller zone of 
hemolysis. When these two types of colonies were isolated and 
grown in broth, the small colony yielded a culture which w'as inert 
against clot, whereas broth transplant of the larger type of colony was 
highly active in dissolving coagulated plasma and fibrinogen. The 
significance of this behavior of the culture is not yet understood. 
The 15 strains of animal origin which were inactive produced colonies 
similar to the smaller, strongly hemolytic type. 

The result of the observations with animal strains is interesting m 
that it demonstrates tliat the capacity to liquefy human clot is absent 
or suppressed in some strains of Streptococcus hcmolyticus even though 
the organisms conform in other cultural respects to active strains; 
fibrinolysis does not necessarily parallel hemolysis. 

Fibrinolytic Tests with Other Human Bacterial Spcctcs 

In order to determine whether or not the fibrinolytic substances 
are limited to hemolytic streptococci, comparable tests have been per- 
formed with other pathogenic bacteria derived from patients. 

All of the tests have been completely negative. The list of other 
organisms consists of: 

6 strains of Streptococcus viridans. 

2 strains of non-hemob'tic streptococci. 

6 strains of streptococci with weak hemob'zing property, some of whicli ba\c 
been identified as alpha prime (Brown (1)) variety. 

12 strains of pneumococci of different types (two of I strain, one of 
II, two of Tj'pe III, one each of Tj'pes VI, VIII, and XIV, Uirec unt} 
Group IV strains, and one R strain of pneumococcus originally dernct 
from II). 

2 strains of tj-phoid bacillus. 
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2 strains of colon badlliis. 

1 strain each of parathyphoid bacillus A and B. 

1 strain each of Shiga and Flexner d>*senter>y badllus. 

2 strains of Freidlander badllus, T>ypes A and B Qulianellc (2)). 

2 strains of hemolytic influenza bacillus. 

Altogether 38 strains of organisms other than hemolh^tic strepto- 
cocci have been examined and in no instance have any of these cul- 
tures affected either clotted plasma or the more susceptible fibrinogen 
clot during the 24 hour test period. 

It will be noted that strains of Staphylococcus aureus and Staphylo- 
coccus albus are not included in the list. Interesting properties by 
which cultures of staphylococcus affect plasma have been reported 
by Much (3), Gratia (4), Gross (5), and others. They have found 
that these organisms are capable of coagulating plasma sponta- 
neously and some of the articles have reported that liquefaction may 
also occur over a period of several hours. These properties of staph- 
ylococci are being investigated separately in this Iaborator 3 \ Up to 
the present time, fibrinolytic activdty has been found in only oc- 
casional strains and, when present, causes dissolution irregularly and 
requires 18 to 24 hours or longer to act. 

With the possible exception, then, of staphylococci, hemolytic strep- 
tococci appear to be unique among the species of bacteria usually 
pathogenic for human beings in the capacity to transform rapidly, 
solid clotted fibrin into a thin fluid state. 

Fibrinolytic Tests ;n7/; Sterile Filtrates of IIcv:oly!ic Streptococci 

The obscrs'ations so far described have been made by adding to 
plasma, whole broth cultures containing both living organisms and 
the bacterial products present in the medium. Additional investiga- 
tions have been carried out vdth sterile, cell-free filtrates, with washed 
organisms, and with cultures gro^Mi on solid media. 

rhe sterile fiUratos of 6 strains of hemolytic streptococcus, gro'am 
in broth, have been tested for the presence of fibrinoU'tic substances 
by the use of human plasm.! clot and also human fibrinogen clot. 
I he results arc presented in Table III. liliration has been made 
through Bcrkcfcld V, Chambcrland. and Seitz filters. Vac records 
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contained in the table were obtained with material passed tlirough 
Berkefeld V candles. 

From the table it may be seen that, in most instances, 0.5 cc. of 
cell-free filtrate liquefies normal human fibrin clot as rapidly as does 


TABLE III 

Fibrinolytic Activity of Sterile Filtrates of Active Strains of Hemolytic 
Streptococcus against Human Fibrin Clot 





Complete dissolution 

Strains 

Amount of filtrate 

Amount of whole 
broth culture 

Clot of 




Plasma* 

Fibrinopent 

Co. 

cc. 

0.5 

cc. 

10 min.t 

2 min.J 


— 

0.5 

10 “ 

2 “ 

Le. 

0.5 

1 

10 “ 

2 “ 


— 

0.5 ' 

1 

10 “ 

2 

Br. 

1 

0.5 



12 “ 

2 


— 

0.5 

10 “ 

2 “ 

Ba. 

0.5 

_ 

15 

4 “ 


— 

0.5 

10 “ 

j 2 “ 

Ma. 

0.5 

. 

30 ** 

6 “ 


— 

0.5 

20 

4 “ 

Hi. 

1 0.5 


1 hr. 10 min. 

10 “ 


0.5 

40 min. 

8 “ 


All tubes incubated in water bath at 37.5°C. 

* Plasma clotted with CaClj. 

t Fibrinogen clotted with human thrombin. 

f Time indicated is interval between formation of solid clot and complete iquc 
faction. Repeated tests have been made with many of the strains. The average 
rate of dissolution is noted in the table. 

0.5 cc. of whole broth culture; with less active strains, the filtrate acts 
at a slightly slower rate than does whole culture. The presence o t ic 
fibrinolytic substances in the filtrate evidences the fact that the 
principle is elaborated by growing organisms and is liberated rccy 
into the surrounding medium. 






















'VmilAM S. TILLETT AKD R. L. GARNER 


495 


Tilraiio7i of Fihrhtolyiic Acthily of Sterile Filtrates 

When whole broth cultures were employed in attempts to titrate 
quantitatively the amount of fibrinolytic substance present, the 
presence of living organisms detracted from the accuracy of the results. 
In such attempts the additional multiplication of bacterial cells 
which might take place at 37.5°C. was uncontrolled. By the use of 
sterile filtrates, however, the degree of activity has been more satis- 
factorily estimated. 

Titrations of filtrates have been done both by testing vaiydng di- 
lutions of filtrate against a constant quantity of plasma and fibrino- 
gen, and by testing a constant quantity of filtrate against var 3 dng 
amounts of plasma and fibrinogen. The results are presented 
in Table IV. 

The observations given in the table demonstrate that, against the 
clot contained in 0.2 cc. plasma, 0.01 cc. of filtrate effects fibrinol 3 ^sis 
almost as rapidly as does 0.5 cc. of filtrate. 0.005 cc. is slowty active, 
whereas 0.001 cc. is ineffectual. VTien progressive^ decreasing 
quantities of filtrate were tested against fibrinogen clot, even so small 
an amount as 0.0005 cc. of filtrate induced lysis in an hour and 5 
minutes. Smaller quantities of filtrate have not been tested. The 
greater susceptibility of fibrinogen-clot is also brought out in the lower 
half of Table V, where the increasing amounts of fibrin substrate are 
exposed to a constant quantitj' of active filtrate. In these experi- 
ments, 0.5 cc. of filtrate required 3 hours and a half to liquefj' 2 cc. 
of plasma dot; whereas 0.5 cc. of filtrate dissolved 10 cc. of fibrinogen 
clot in 30 minutes. 

Tlic titration of man^" lots of active filtrate has resulted in some 
variation in quantitative actirity. The results given in Table IV 
were obtained with a highly' active product; in a few instances even 
more potent material has been obtained. 

^^^lcn organisms are removed from broth hy centrifugation, washed, 
and resuspended in ph3*siological salt solution, their capacit 3 ' to 
dissolve fibrin clot is considerabU* dclaN'ed. In such experiments 
liquefaction required 6 to 10 hours. This was inteq^eted as being 
chiclW due to the fact that most of the preformed fibrinolv^tic propcrt 3 ' 
was discarded, and that the slow rate of liquefaction depended upon 
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the speed with which additional active material could be formed by 
the organisms and excreted into the clot. A similar delayed rate of 
dissolution occurred when streptococci grown on blood agar ^Yere 
washed off and tested for fibrinolytic activity. 


TABLE rv 

Tilration of Fibrinolytic Activity of Sterile Filtrate against Human Fibrin Clot 

Amount of Time of complete Amount of Amount of 
plasma* dissolution filtrate fibrinogenf 

Decreasing amounts of filtrate against constant quantity of plasma clot and 

fibrinogen clot 


Time of complete 
dissolution 


Amount of 
filtrate 


cc. 



cc. 

0.5 


8 min4 

0.5 

0.1 


10 

0.1 

0.05 

0.2 

10 

0.05 

0.01 

0.2 

30 » 

0.01 

0.005 

0.2 

6 hrs. 

0.005 

0.001 

0.2 

Neg. 24 hrs. 

0.001 

0.0005 

0.2 

— 

0.0005 



Constant amount of filtrate against increasing quantities of plasma clot and 


fibrinogen clot 


0.5 

0.2 


1 0.5 

0.2 

0.5 

0.5 I 

15 “ 


0.5 

0.5 

1.0 

30 “ 

0.5 

1.0 

0.5 

2.0 

3 hrs. 30 min. 

0.5 

2.0 

0.5 

5.0 

20 hrs. 

0.5 

5.0 

0.5 

10.0 

— 

0.5 

10.0 



All tubes incubated in water bath at 37.5®C. 

* Plasma dotted with CaCls. 

t Fibrinogen dotted with human thrombin. 

J Time indicated is interval between formation of solid dot and complete lique- 
faction. 

In each instance the plasma and fibrinogen was diluted 5 times. The amount 
of coagulant necessary was calculated on the basis of a standard test (sec pages 
and 488). 


That the active substances contained in broth cultures may he 
separated from the living bacterial cells has facilitated chemica 
studies on the nature of the fibrinolytic property elaborated b> 
hemolytic streptococci. Even though the interaction bet\\een 
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cultural material and fibrin is comparable to enzyme activity, the 
fibrinolytic principle has special characteristics different from the 
metabolic proteolytic enzymes of hemolytic streptococci as described 
by Tongs (6), West and Stevens (7), and Frobisher (8). The in- 
vestigation has, therefore, been extended to include a study of the 
nature and properties of the active substance. A detailed report 
will follow this preliminary record. 

Resistance to Fibrinolysis by Plasma of Patients Recovered from Hemolytic 
Streptococcus Infections 

In addition to observations on the occurrence and properties of the 
fibrinolytic substance, the blood of patients and of normal individuals 
has been investigated for the purpose of determining whether or not 
infection with hemolytic streptococci is followed by changes in plasma 
which are demonstrable by tests for susceptibility to fibrinolysis. 
Tests have, therefore, been made on samples of plasma taken at 
repeated intervals before and after recovery from infection. The 
results demonstrate that the plasma clot from the blood of patients 
recovered from hemolytic streptococcus diseases is often completely 
resistant to dissolution by active culture. An analysis of many tests 
on samples of blood taken during the course of disease is now in 
preparation and will form a separate communication. At the present 
time it is interesting to record an instance of resistance and also to 
note the fact that the serum of an indi\ddual, whose plasma is re- 
sistant, may render normal plasma dot insusceptible. 

An example of the resistant effect is given in the following protocol, 
which consists of tests done wdth the plasma and serum of a patient 
convalescent from eiysipclas. 

1. Palicnt's plasma culture -f CaCl*: Negative 24 hours, 

2. Normal plasma -f culture -h CaCh: Complete dissolution in 10 minutes. 

3. Normal plasma -f culture -r 0.1 cc, patient’s scrum CaCI;; No dissolu- 

tion in 24 hours. 

4. Normal plisma 4* culture 0.1 cc, normal scrum -f CaCh: Complete dis- 

solution in 10 minutes. 

Standard quantities of constituents were employed in the cjcpcrimcnt. 

Resistance to the fibrinolytic activity of hemolytic streptococci 
excmplificil in the protocol Just given has been obscn’cd with the 
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three young rabbits, 1 month old, has been tested in order to deter- 
mine individual variation. The results have been uniformly negative. 

The coagulation of separated rabbit fibrinogen, in the presence of 
active culture, by rabbit thrombin results in the formation of a fibrin- 
ogen clot which, in most instances, has been as resistant to dissolu- 
tion as the plasma clot. Exceptions to this experience have been 
encountered, however, which are indicated in Table V by the record 
of dissolution of fibrinogen clot in 10 to 20 hours. That rabbit 
fibrinogen clot may occasionally be slowly liquefied, whereas whole 
rabbit plasma clot is not, indicates that the factor responsible for 
resistance is greater in whole plasma than in the constituents which 
have been chemically isolated. The behavior of the rabbit fibrinogen- 
thrombin mixtures, although not identical with the results obtained 
with human material, tends to conform with the results presented in 
Table I. An understanding of the phenomenon must await an 
analysis of the factors which influence the fibrinolytic process. 

Relation of Thromhin to Resistance 

Additional evidence as to the complexity of the mechanism which 
determines the susceptibility or resistance of clot to dissolution is 
brought out in experiments in which coagulation is induced by 
different agents. In the observations so far presented human plasma 
has been clotted by the addition of Cads. By this method, cal- 
cium promotes the transformation of the prothrombin of the plasma 
into thrombin, which in turn changes the fibrinogen into fibrin. 
The whole process of coagulation is effected by homologous native 
agents. Similarly rabbit plasma clotted with calcium behaves in an 
identical manner. Where fibrinogen has been used for fibrin clot, 
coagulation has been effected by homologous thrombin. 

Interesting differences in the susceptibility of clot to the fibrinolytic 
substance of streptococci are brought out by interchanging human 
and animal materials which go to form the fibrin clot. The results 
are contained in the protocol given below. In all of the tests listed, 
the coagulation was complete and, from the gross appearance of the 
clot, the occurrence of fibrinolysis could not be anticipated. The 
experiments were controlled with tests, in which physiological salt 
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three young rabbits, 1 month old, has been tested in order to deter- 
mine individual variation. The results have been uniformly negative. 

The coagulation of separated rabbit fibrinogen, in the presence of 
active culture, by rabbit thrombin results in the formation of a fibrin- 
ogen clot which, in most instances, has been as resistant to dissolu- 
tion as the plasma dot. Exceptions to this experience have been 
encoimtered, however, which are indicated in Table V by the record 
of dissolution of fibrinogen dot in 10 to 20 hours. That rabbit 
fibrinogen clot may occasionally be slowly liquefied, whereas whole 
rabbit plasma clot is not, indicates that the factor responsible for 
resistance is greater in whole plasma than in the constituents which 
have been chemically isolated. The behavior of the rabbit fibrinogen- 
thrombin mixtures, although not identical with the results obtained 
with human material, tends to conform with the results presented in 
Table I. An imderstanding of the phenomenon must await an 
analysis of the factors which influence the fibrinolytic process. 

Relation of Thromhin io Resistance 

Additional evidence as to the complexity of the mechanism which 
determines the susceptibility or resistance of clot to dissolution is 
brought out in experiments in which coagulation is induced by 
different agents. In the observations so far presented human plasma 
has been dotted by the addition of CaCh- By this method, cal- 
cium promotes the transformation of the prothrombin of the plasma 
into thrombin, which in turn changes the fibrinogen into fibrin. 
The whole process of coagulation is effected by homologous native 
agents. Similarly rabbit plasma dotted with calcium behaves in an 
identical maimer. Where fibrinogen has been used for fibrin clot, 
coagulation has been effected by homologous thrombin. 

Interesting differences in the susceptibility of clot to the fibrinolytic 
substance of streptococci are brought out by interchanging human 
and animal materials which go to form the fibrin clot. The results 
are contained in the protocol given below. In all of the tests listed, 
the coagulation was complete and, from the gross appearance of the 
clot, the occurrence of fibrinolysis could not be anticipated. The 
experiments were controlled with tests, in which phj’siological salt 
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peatedly made and the facts, which have been established, serve as a 
basis for additional investigations. 

SUMMARY 

Broth cxiltures of hemolytic streptococci derived from patients are 
capable of rapidly liquef)dng normal human fibrin clot. 

The active fibrinolytic principle is also contained in sterile, cell- 
free filtrates of broth cultures. The degree of activity of filtrates 
parallels the activity of whole broth cultures sufficiently closely to 
indicate that large amounts of the fibrinolytic substance are freely 
excreted into the surrounding medium and pass readily through 
Berkefeld V, Seitz, and Chamberland filters. 

The occurrence of fibrinolysis is most strikingly observed when 
plasma or fibrinogen is mixed with active cultural material before 
clot formation is effected. Under the standard experimental con- 
ditions described, complete dissolution of hinnan plasma clot (whole 
oxalated plasma + CaCh) occurs in about 10 minutes; complete 
dissolution of human fibrinogen clot (chemically isolated fibrinogen + 
thrombin) takes place in about 2 minutes. Titration of filtrate 
activity is recorded in Table IV. 

Twenty-eight strains of Streptococcus hemolyticus, isolated from 
patients suffering from various manifestations of streptococcus in- 
fection, have been tested for the capacity to liquefy fibrin clot. 
Broth cultures of all of the strains induced fibrinolysis. 

Of 18 strains of Streptococcus lieniolyticus of animal origin, only 
three were capable of causing dissolution of clot. 

Completely negative results were obtained with 38 strains of 
other bacterial species. The list is presented on pages 492 and 493. 

The plasma of many patients recovered from acute hemolytic 
streptococcus infections, when clotted in the presence of active 
cultures, is highly resistant to fibrinolysis. Furthermore, serum, 
derived from patients whose plasma clot is resistant, often confers 
on normal plasma clot an antifibrinolytic property. One example 
of the resistance possessed by the blood of convalescent patients is 
presented in this report. A second paper, now in preparation, will 
give in detail a large number of observations on the relation of in- 
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fection to the development of resistance to the fibrinolytic activity 
of hemolytic streptococci. 

In contrast to the susceptibility of normal human fibrin clot to 
liquefaction by active culture, normal rabbit fibrin clot is totally 
resistant to dissolution when tested under comparable conditions. 
The insusceptibility of rabbit fibrin clot is manifest provided tlie 
coagulum is composed of rabbit constituents. When human thrombin 
is used to clot rabbit plasma or fibrinogen in the presence of active 
cultures, fibrinolysis is not prohibited. The role of thrombin in 
determining the resistance or susceptibility of rabbit fibrin to disso- 
lution offers a suggestive approach to problems relating to the under- 
lying mechanism. 
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Intestinal tuberculosis is one of tbe most frequent and serious com- 
plications of phthisis. Up to the present time attempts at pre\^ention 
and treatment have been empirical and unsatisfactorj^, because the 
factors involving the production of the intestinal ulcers have not been 
well understood. The swallowing of sputum laden with bacilli cannot 
be the sole cause of the condition since many patients swallow such 
sputum in large quantities for years without developing intestinal 
lesions, and the problem resolves itself with the question of why the 
intestines of some patients are susceptible and others resistant to the 
bacilli passing through them. 

Numerous attempts have been made in the past by many workers to 
produce intestinal tuberculosis in the guinea pig by feeding either tu- 
bercle bacilli or tuberculous material. As a rule, the animals develop 
enlarged cervical or mesenteric l3Tnph glands and die of generalized 
tuberculosis without developing ulcers in the intestinal tract, but suc- 
cess has been claimed by a few workers. From the reports of the fol- 
lowing investigations it is difficult to determine whether or not the 
diets of their experimental animals were adequate in vdtamins. 

Viilemin (8) in 1868 fed 40 gm. of tuberculous sputum to guinea pigs and kiUcd 
the animals 3 months later. Lesions were found in the small bowel and cecum. 
Klebs (4) in 1870 fed guinea pigs tuberculous matter and found tuberculous ulcera- 
tion in the intestines in two animals. Redman (7) in 1922 reported that in every 
instance in which he fed \drulcnt tubercle bacilli to guinea pigs, the mesenteric 
lymph nodes became involved in 34 to 41 daj's. There were tuberculous nodules 
in the cecum and colon at 81 and 86 days. They were not open ulcers and no 
microscopic examinations were reported. Medlar and Sasano (6) in 1924 inocu- 
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mothers showed no evidence of scurvy but the new-born pigs showed marked signs 
of this disease. The remaining three animals were killed in the 5th month at the 
end of the experiment and found to be normal. 

Group D . Six normal adult pigs received a basic diet plus 0.3 cc. of cod liver oil 
and 10 cc. of tomato juice daily. These animals did well for 2 months. Two pi^ 
died of spontaneous pulmonary disease between the 2nd and tlie 3rd month, and 
the remaining four were killed in the 5th month at tlie end of the experiment and 
found to be normal. 

2. Twenty-six adult guinea pigs (Groups E, F, G, andH) wereused to determine 
the effect of various diets on tuberculous animals. Each pig was sensitized by a 
subcutaneous injection of non-virulent human tubercle bacilli (No. R1 Saranac 
Lake Laboratory) and subsequently fed 0.5 cc. of tuberculous sputum with a tuber- 
culin syringe daily. 

Group E. Ten of the above pigs received a basic diet and 0.5 cc, of tuberculous 
sputum daily. These animals died between the 2nd and 5th months. Three ani- 
mals which died early were found to have a normal intestinal tract. Five animals 
presented one or more open tuberculous ulcers in the intestines and two animals 
showed caseous tubercles in the tymph follicles of the ileum which had not ulcer- 
ated. The ulcerative lesions were most common in the ileum, witli cccum next, 
and jejunum and colon least frequentl}^ involved. 

Group F. Six sensitized adult pigs received 0.5 cc. of tuberculous sputum daily, 
and were fed in addition to the basic diet 0.3 cc. of cod liver oil daily. These 
animals died bet\veen 6 weeks and 4 months. One animal had a normal intestinal 
tract, and one had non-ulcerated caseous tubercles in the ileum, while the remaining 
four presented from one to t^venty open tuberculous ulcers in the ileum, cccum, je- 
junum, and colon. 

Group G. Five sensitized adult pigs received 0.5 cc. of tuberculous sputum 
daily, and were fed in addition to the basic diet, 10 cc. of tomato juice daily 
These animals all did well and were killed in the 5th month at the end of the 
ment. One animal had a caseous tubercle in tlie ileum which had not ulcerate 
The other four animals presented normal intestinal tracts, altliough there uas ex- 
tensive tuberculosis in the liver, spleen, and lungs. 

Group H. Five sensitized adult pigs receiving 0.5 cc. of tuberculous sputum 
daily were fed in addition to the basic diet 0.3 cc. of cod liver oil and 10 cc. o 
tomato juice daily. These animals all did well except one which died of unkno^^ n 
causes in the 10th week. The remaining four were killed in the 5lh month at t j 
end of the experiment. The intestinal tracts of all five animals were norma 
ilthough considerable tuberculosis was present in the liver, spleen, and lungs- 

Discussion of Experiment I 

Normal adult guinea pigs kept on the vitamin poor diet describeti 
lied in from 6 to 16 weeks; some showed definite evidence of scun) » 
;hilc others presented a variety of lesions ascribablc to the dcficien 
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iiet. Cod liver oil did not prevent the development of these lesions, 
lut the addition of 10 cc. of tomato juice daily to the basic diet pro- 
:ected the animals completely from all signs of deficiency disease. 

Sensitized guinea pigs maintained on the basic diet and fed 0.5 cc. of 
tuberculous sputum daily developed ulcerative tuberculous lesions in 
the intestines in five out of ten cases. li\Tien cod liver oil was added to 
the basic diet, four out of six animals developed ulcerative intestinal 
tuberculosis. WTien, however, the basic diet was supplemented with 
10 cc. of tomato juice daily, the animals remained in good health and 
only one out of ten showed any trace of intestinal tuberculosis. 

To recapitulate — of the sixteen sensitized guinea pigs on diets defi- 
cient in vitamin C or in vitamins C, A, and D, which received 0.5 cc. of 
tuberculous sputum daily, nine presented one or more open tuberculous 
ulcers of the intestines and three presented caseous non-ulcerative 
tubercles while only four animals presented normal intestines at ne- 
cropsy. In contrast, nine out of ten guinea pigs presented normal 
intestinal tracts when the basic diet was supplemented either with 
tomato juice or cod liver oil and tomato juice. The remaining animal 
showed a few non-ulcerative tubercles in the ileum. 

Experiment II. Mar. IS, 1929. — ^Forty-six normal adult pigs were used in this 
experiment (Groups I, J, K, L, and AI). With the exception of ten animals in 
Group M, all the pigs received three doses of approximately 1 mg. of virulent 
human tubercle bacilli (No. H 37, Saranac Lake Laboratory) by mouth between 
Mar. 15 and 20. They were given our regular stock diet until Apr. 15 when a 
number of the pigs presented palpable glands in the neck. The animals were then 
divided into five groups. 

Group I. Sixteen of these animals were given the basic diet described in Experi- 
ment I, and 0.5 cc. of tuberculous sputum daily. Eleven of the sixteen pigs died 
between the 6th week and the 3rd month. The remaining five were killed at the 
end of the 4th month. Necrops\’ showed that thirteen pigs had from one to ten 
tuberculous ulcers in the intestines, two presented caseous non-ulcerative tubercles 
in the ileum, and only one intestinal tract was normal. In addition, three of the 
animals had duodenal ulcers and one a pyloric ulcer, all of which were shown to be 
non-tuberculous on microscopic examination. 

Group J. Five adult guinea pigs received 0.3 cc. of cod liver oil and 0.5 cc. of 
tuberculous sputum in addition to the basic deficient diet Three of the fi\*e pigs 
died between the 2nd and 3rd months, the remaining two were killed at the end of 
the 4th month. One animal had numerous caseous non-ulcerative tubercles in 
the ileum and cecum, and the other four had from one to fifteen tuberculous ulcers 
in the intestines. One animal had a small duodenal ulcer that was not tuberculous. 
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EXPLANATION OF PLATES 
Plate 26 

Fig. 1. Photograph of tuberculous rdcers from the small intestine of a guinea 
pig. X2. 

Fig. 2. Low power photomicrograph of a submucosal tubercle in the intestine 
of a guinea pig. The mucosa is still intact. X35. 

Fig. 3. Low power photomicrograph of a chronic tuberculous ulcer in the intes- 
tines of a guinea pig. X35. 

Fig. 4. Low power photomicrograph of an early tuberculous involvement of a 
solitary follicle in a guinea pig. See Fig. 5. X20. 

Plate 27 

Fig. 5. Camera lucida drawing of a section from early tuberculous ulceration of a 
solitary follicle in the intestines of a guinea pig. The tubercle bacilli are present 
only in monocytes. Some of the monocj^tes are degenerating. A low power photo- 
micrograph of the section from which this drawing was made is shown in Fig, 4. 
Approximately X800, 

Fig. 6. Camera lucida drawing of a section from an earl}’^ tuberculous ulcer in 
the intestines of a guinea pig. Tubercle bacilli are seen in monoc}des and in giant 
cells. Note the dilatation of the capillaries and the proliferation of fibroblasts. 
Approximately X800. 

Fig. 7. Camera lucida drawing from a section of an extensive tuberculous ulcer 
in the intestines of a guinea pig. The superficial portion of the lesion is entirel 3 ' 
necrotic. Beneath this layer one sees pol>Tnorphonuclear leucoc>‘tcs in \’arious 
stages of degeneration. Fibroblasts, hTnphocj^tes, monocj'tes, and giant arc 
seen in the depth of the lesion. Approximate!}^ X800. 

Fig. 8. Camera lucida drawing of a giant cell in a submucosal tubercle in the 
intestines of a guinea pig. Low power photomicrograph of the lesion from which 
this drawing was made is shown in Fig. 2. Appro ximatcl}' XSOO. 



510 


VITAMIN C LACK AND INTESTINAL TUBERCULOSIS 


that in the early scorbutic lesions submucosal hemorrhage was the 
outspoken feature; the mucosa overlying tlie area of hemorrhage 
becomes necrotic, sloughs, and forms an ulcer (Figs. 9-1 1). The initial 
tuberculous lesion also occurs in tlie submucosa (Figs. 2, 12) and 
apparently goes on to ulceration (Fig. 3) when there is not suffident 
vitamin C in the diet. Apparently, an adequate supply of vitamin C 
in the diet protects the guinea pig against ulcerative intestinal tuber- 
culosis, even in the presence of submucous tubercle. 

The guinea pig and man appear to be similar in their vitamin C re- 
quirements. Patients with intestinal tuberculosis improve wdien to- 
mato juice is added to their diet, wdiile our tuberculous guinea pigs 
develop intestinal lesions unless protected by an adequate supply of 
vitamin C in their food. 

Our experiments however, do not explain the clinical value of cod 
liver oil in intestinal tuberculosis. Man is quite susceptible to vita- 
min A and D deficiencies, while the guinea pig is not. It is thus possi- 
ble that a deficiency of vitamins A and D (the vitamins of cod liver oil) 
plays a part in the development of intestinal tuberculosis in man and 
not in the guinea pig. Before this part of the problem can be settled 
it will be necessary to repeat our experiments utilizing an animal such 
as the monkey which is susceptible to the same vitamin deficiencies as 
man and also to tuberculosis. 


CONCLUSION 

1. Seventy-two adult guinea pigs were fed tuberculous sputum daily 
for periods ranging from 6 weeks to 4 months. 

2. Thirty-seven of these were maintained on a diet partially defi- 
cient in vitamin C; tw'enty-six developed ulcerative intestinal tuber- 
culosis. 

3. In the remaining thirty-five animals whose diet was supplcmentcr 
by an adequate amount of vitamin C only two developed tuberculous 
ulcers in the intestines. 

4. From these studies we conclude that the ingestion of tuberc c 
bacilli by the guinea pig is not the sole factor in the production o 
intestinal tuberculosis. 

5. In our opinion, an adequate supply of vitamin C usually protects 
the guinea pig against ulcerative intestinal tuberculosis. 
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EXPLANATION OF PLATES 
Plate 26 

Fig. 1. Photograph of tuberculous ulcers from the small intestine of a guinea 
pig* X2. 

Fig. 2. Low power photomicrograph of a submucosal tuberde in the intestine 
of a guinea pig. The mucosa is still intact. X35, 

Fig. 3. Low power photomicrograph of a chronic tuberculous ulcer in the intes- 
tines of a guinea pig. X35. 

Fig. 4. Low power photomicrograph of an early tuberculous involvement of a 
solitary foUide in a guinea pig. See Fig. 5. X20. 

Plate 27 

Fig. 5. Camera ludda drawing of a section from early tuberculous ulceration of a 
solitary’’ foUide in the intestines of a guinea pig. The tuberde bacilli are present 
only in monocj-tes. Some of the monoc>’’tes are degenerating. A low power photo- 
micrograph of the section from which this drawing was made is shown in Fig. 4. 
Approximately X800. 

Fig. 6. Camera ludda drawing of a section from an early tuberculous ulcer in 
the intestines of a guinea pig. Tuberde bacilli are seen in monoc>'tes and in giant 
cells. Note the dilatation of the capillaries and the proliferation of fibroblasts. 
Approximately X800. 

Fig. 7. Camera ludda drawing from a section of an extensive tuberculous tilccr 
in the intestines of a guinea pig. The superfidal portion of the lesion is cntirdy 
necrotic. Beneath this layer one sees poKmiorphonudear leucocj’tes in various 
stages of degeneration. Fibroblasts, l\Tnphoc>'tes, monoc>-tes, and giant are 
seen in the depth of the lesion. Approximately X800. 

Fig. 8. Camera lucida drawing of a giant cell in a submucosal tuberde in the 
intestines of a guinea pig. Low power photomicrograph of the lesion from which 
this drawing was made is shown in Fig. 2. .4pproximatdy X800. 



VITAmN c rt^,. 

8u^eapig,^°Jf“™''P‘«omicrograpi, 

3iSrB— 

'--‘o«,-p4;f. “ ,„ isc^r:™ ~£t 



THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 58 


PLATE 26 



(McCor.Vcy ar. ! Smith: Vium.'n C lac*, an! 




THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 58 


PLATE 27 




Q 

i&s?^ 




^ o a o-^.o o o'yv’ .- 


,& O' 


<l^' 9 o Lo o ?5 

"SpI°vP-?S«r5'I,?2.S 


vr'r-'c %‘’o^' ^%o ’ 

o^r'>=? 0 

/^y.r 

^,c\ ('^ ^ 

0 ^ ^ ‘7 f, **> 

O ^ i' 


>t<-r,oOf.‘’V' . / ■.'•V 

0 -'x;c^o//xj //'^'•,' 

, c<‘<’r'/ <•/ O /i.? 


^ ^ « -S’ 




ve> o. ->• V '^^s!^: '=■- - 6 ' 

m3fiI::^Xo€^. 


<> ' rt ^ 

■‘o^l-^'i'?fi'S' 4 ’Aie 

■p^c 0^ '5 I>o^C'0_O-^C 

«/g, o® 

a oC --'F’ o o o'^ 

0 ^ ^ X? V X? (f^CjtJ^- 


.• ^ c;"' 

^ (P ^ 9 

' ^ • ,,- C “o IP ‘'rz. ' r-z 

• ^ c '''^■ 

-^/A •■■<^.^■‘>" 0 " 


^ j/' ^ y -■*' C“ f C- 

>^ ,- ' » V • ^ 

/^ 9 ;- -* ^; 
?»;- 

^ ^ <S7 C 

" ^ - 8 


• i' : ViJi*- '. (• !a 






PHE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 58 


PLATE 23 


■■ 

m 

-fih 

’ .--Vi? 

J' 

? 1 :. j 

ft \‘ 

V,' 



' ' - ■• V ■; ■/■ ■ • - ' ' ' -'■ 

-r-vs.; ’■ •■ ' -■■ ■-=,•;-•■' X- 


'<*v 


\ 


- “u* 


V. 









A COMPARATIVE STUDY OF RECENTLY ISOLATED 
HUIMAN STRAINS AND A PASSAGE STRAIN OF 
POLIOI^IYELITIS VIRUS* 

Bv JOHN R- PAUL, M.D., and JAjMES D. TRASK, iLD. 

{From the Departments of Medicine and Pediatrics, Yah U7ihersily School of 
Medicine, Ncio Haven) 

(Received for publication, June 28, 1933) 

Since the early days of the discovery of the virus of poliomyelitis it 
has been known that quantitative differences in virulence for the mon- 
key exist between recently isolated strains, and strains which have 
passed through successive monkeys. Only within the last few years 
has it been clearly demonstrated by the work of Burnet and ^lac- 
namara (1) in Australia, that immunologic differences exist between 
such strains, which might be termed qualitative differences, in that 
they do not seem to be confined to those of virulence alone. 

These investigators made a comparative study of two strains; one a local virus 
recently isolated from a fatal human case, and the other the Rockefeller Institute 
strain of so called nuxed virus (M. V,). They described three instances in which 
monkeys contracted a fatal attack of poliomyelitis following the intracerebral 
inoculation of the hi. V. strain despite the fact that some weeks previously the 
monkeys had sustained a t>"pical attack of poliomyelitis produced by the local 
strain. The reverse of this experiment was also demonstrated in a single instance, 
in which a recovered monkey, partially paraU'zed by the hi. V. strain, was subse- 
quently brought down with complete paral\*sis by the local \Trus. Furthermore, 
they found in neutralization tests that, although pooled convalescent serum would 
neutralize both strains, a few tests with indi\*idual samples of convalescent sera 
failed to show this parallelism, in that only the local \irus was neutralized. 

In corroboration of this work Weycr (2) later described difierences in the neu- 
tralizing values of human convalescent and antiviral horse serum for recently 
isolated strains and for a monkey passage strain. Flexner (3) has also pointed 
out that immune sera prepared from ‘Tiuman” and old passage strains of ^drus 


• The expenses of this investigation were defrayed by several grants from: (o) 
the Fluid Research Fund, Yale University; (5) an anon\mou 5 donor; and (c) 
the 1932 Philadelphia Poliomyclitb Fund. 
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exhibit differences in cross-neutralization tests, although old passage strains of 
the virus preserve their immunizing power in part, at least, against recent strains^ 

The observations to be reported in this paper are essentially a repe^ 
tition of the experiments of Burnet and Macnaniara, and our results 
are in accord with their findings. They show that: (a) the experi- 
mental disease in the monkey induced by our two human strains failed 
to immunize monkeys against a subsequent reinfection by an old pas- 
sage strain; and (b) that the neutralizing power of human sera for a 
recently isolated human^ strain differs from the neutralizing power 
for an old passage strain. 


Methods 

Macacus rhesus monkeys, most of them small (weighing 6 pounds or under), 
were employed in all our experiments. All inoculations were done under ctlicr 
anesthesia b}^ the intracerebral route. 

Strains of Virt^s Employed , — The old passage strain whicli we have termed the 
M strain, was obtained through tlie kindness of Drs. W. H. Park and E. R. Weycr, 
from the Bureau of Laboratories, Department of Health, City of New York. It 
is a mixed strain and so tlie date of its first isolation or the actual number of mon- 
ke}^ passages to whicli it had been subjected is unknown. 

The usual incubation period of tlie experimental disease produced by tins strain 
was from 3 to 5 days. This disease was heralded by a sharp elevation of tempera- 
ture to 105° or 106° to be followed witliin 24 to 36 hours by a sharp drop to sub- 
normal values, widespread paral\''sis, and usuall}'' the deatli of the animal. A viru- 
lence titration done in October, 1931, on material from tlie cord of a single passage 
monkey (No. 34) revealed the minimal infecting dose of tliis material to be greater 
tlian 0.5 cc. of a 0.01 per cent suspension of ground monkey cord, and less than 
0.5 cc. of a 0,05 per cent suspension. The dose subsequently employed for all 
neutralization tests with this strain was 0.5 cc, of a 0,1 per cent cord suspension. 
This teclmique gave uniform results from October, 1931, to January, 1932. Ihe 
strain was not used for neutralization tests during tlie next 14 montlis, but when 
later tested (Alarcli, 1933), the virulence of material from glyccrinatcd cord ^o. 
34 was found to have fallen. A single passage (Monkey 149) at tliis time sceme 
to restore tlie virulence and, although a titration was not done, the dosage whic i 
had been employed with material from Cord 34 was employed with Cord 149. 

The recently isolated or human strain which wc have termed our W strain Mas 
isolated in September, 1931, from the oral washings of a child of 5 years of age on 
tlic 1st day of a mild abortive attack of poliomyelitis. The circumstance^ unc cr 


^ The term human strain to designate a recently isolated strain has bcv.n 
employed because of its usage in prc\dous articles (2, 3) on this subject. 
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which the strain was isolated, the technique employed, and the resrilts of the first 
two passages have been described in a previous publication (4). The results of 
subsequent passages will be described in a later section of this paper. Material 
from a single (sixth passage) monkey (No. B*6) was emploj-ed for all of our 
reinoculation and neutralization tests. The usual incubation period of the ex- 
perimental disease induced bj^ the seventh passage of this strain was 6 daj^s; the 
febrile period was generally longer than that of the old passage strain, and the 
development of paral5^5is only occasionally as severe. The mortalit3^ might be 
roughly placed at 15 per cent, in that out of twent>"-seven positive inoculations 
but one monkey died -within 3 days of the onset of the disease and three other 
monkeys, which developed severe and extensive paralysis and probably would have 
died, were sacrificed on the 3rd or 4th days of the disease. The histological lesions 
from this and our other recently isolated human strains failed to show any dif- 
ferences from those noted vith the passage strain. The \drulence of the sixth 
passage of the W strain was far lower than that of the M strain. The dose em- 
plo3’ed in aU reinoculation and neutralization tests was 0.5 cc. of a 5 per cent cord 
suspension, and, as -will be subsequently shown in Text-fig. 1, this dose infected 
fresh monke3’’s consistentl}^^ 

A third strain (F) was obtained through the kindness of Dr. Simon Flexner of 
The Rockefeller Institute for Medical Research. It had been isolated during the 
summer of 1931 from a fatal case of poliomj^elitis and the sample we received 
represented the eighth passage. A titration of virulence at this time led us to 
employ the same dosage as that used in our W strain for all neutralization 
tests. The expeihnental disease induced b\' the F strain was quite similar to that 
produced by the seventh passage of our W strain. 

Technique of N ciUralization Tests , — ^In all of the neutralization tests with the !M 
strain the -virus-containing material was derived from two monke3’S, Nos. 34 and 
149. A virulence titration had been done -with the former lot of material. In all 
tests with the W strain the virus was derived from a single monke3', No. B-6, and 
a series of monke>"s had been brought down consistentl3’ b3’ the dose employed. 
With the F strain pooled material from three monke3's was used representing the 
eighth and ninth passages. 

In performing neutralization tests the follo^^mg technique was eraplo3'ed: A 
small portion (0.1 to 1.0 gra.) of gh’cerinated spinal cord was weighed and ground 
for 6 or 8 minutes in a mortar -with sterile sand and 2 to 3 cc. of saline solution. 
Enough saline was then added to make the percentage of the \'inis suspension 
equal to twice that of the dose to be inoculated. This material was centrifuged 
at moderate speed for S to 10 minutes. The opalescent supernatant fluid was 
then removed -with care to avoid the presence of macroscopic particles. Indi- 
\ndual tests were set up by mixing equal volumes of the \irus suspension and the 


- To our knowledge this is the first strain, isolated from the throat, which has 
been studied intensively through a series of monke}’ passages. 
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serum to be tested, using from 0,3 to 0.5 cc. of eadi. Thus the total volumes \*a- 
ried between 0.6 and 1.0 cc. From one to twent}^ samples of sera were employed in 
each experiment but our usual experiment consisted of six or eight samples. In- 
cluded in each experiment were two control samples of sera: (a) the protected con- 
trol, consisting of a pooled sample of sera from adults recently convalescent from a 
frank case of poliomyelitis; and (&) the unprotected control, which consisted of a 
sample of normal monkey serum. The serum-virus suspensions were mixed and 
incubated at 37°C., for 2 hours. A single monkey was inoculated intracerebrally 
with 0.5 cc. of eacli serum-virus mixture. Temperatures were taken daily for a 
period of 4 weeks on all monkeys inoculated with our human (W) strain, on most of 
the monkey^s inoculated with the passage (M) strain, and on a few with the (F) 
strain. The results of individual tests were expressed b}^ tliree terms which are, 
of course, only relative in their meaning; (1) no neutralization (or no protection); 
(2) partial neutralization; (3) complete neutralization. Sera were judged as 
having no neutralization when inoculated monkeys came down with tlie experi- 
mental disease within 5 days of the time when the unprotected control came down; 
partial neutralization when the incubation period proved to be 6 or more days 
longer than that of the unprotected control; and complete neutralization when the 
animals failed to come down during the period of observation, which in all in- 
stances was 4 weeks. Untoward results w^ere encountered in tliree out of twcnt> - 
one e.xperiments of this ty^pe, in all three of which tlie protected controls developed 
the experimental disease after a prolonged incubation period. This occurred once 
witli each of our tliree strains of virus. The results of all tests in these three 
experiments were discarded and the experiments repeated. It may be \\orth 
mentioning, how^ever, that tlie majority’’ of results of individual tests in the un- 
satisfactory'' experiments were in agreement with the results from satisfactory 
experiments. 

In tlie interpretation of tlie results of this test it should again be emphasized t lat 
in our hands, it has proved to be a rather crude, qualitative test. Wc seldom at 
tempted to quantitate our results because, Giving to the expense involved, the u^c 
of several monkey^s for each determination was impossible. The degree of accu 
racy' of the test has been difficult to determine. We have had occasion to 
eighteen indixudual tests, representing ten different samples of sera, with t ic 
strain and discrepant results were encountered twice, or in about 1 1 per cent o 
these repetitions, discrepant results were encountered at least three tes^ on 

the sample of scrum were alway'S done and tlic majority” result accepted. ^ 
tests with the M strain were repeated with a reduplication of results in all ut one 
in which the difference was slight (partial protection with an incubation period 
24 day's, as opposed to complete protection). 

EXPERIMENTAL 

It was our aim in these experiments to employe a strain of 
litis virus as little influenced as possible by’ monkey passages, f ‘ 
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lifficult ideal to attain; for, if a strain of virus is to be adequate for use 
n a series of neutralization tests, it should be of sufficient virulence so 
hat a single inoculation of at least a 5 per cent cord suspension should 
;onsistently give rise to the experimental disease in the monkey. In 
leither of two freshly isolated strains, W and Bn (4), with which we 
lave worked was this the case in the first few passages, and con- 
iiderable difficulty was encountered in rendering one of them ade- 
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Text-Fig. 1. Diagram of the first seven monkey passages to vrhich our 
human W strain was subjected. 


quatc for this purpose. As the manner in which a strain of \nrus, 
recentl}'' isolated from a human case, becomes established in the mon- 
key is pertinent to the problem under discussion, the steps of this proc- 
ess will be given in some detail. 

Enhancement of Virulence in the TI^ Strain . — ^As previously mentioned 
the circumstances under which this strain was obtained from oral 
washings, and the results of the early monkey passages have been de- 
scribed in another publication (4). The results of subsequent pas- 
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ond inoculation failed to give rise to symptoms except in one instance. This was a 
monkey reinoculated 17 days after the first onset of paralysis; 18 days later the 
animal again became iU and new paralyses developed. Krauspe (10) reports a 
similar isolated example of reinfection. This was described as a severe infection 
following a third reinoculation, administered 4^ montlis after the first. Presum- 
ably the same virus was used for each inoculation but no mention of this fact is 
made. In any event, altliough the number of intracerebral reinoculation ex- 
periments which appear in the literature are few and briefly described, it would 
seem as if the successful reinfection of the monkey by an homologous strain was 
distinctly uncommon. 

We have performed thirteen reinoculation experiments, in which 
homologous strains of the virus were used and daily temperature 
recordswerekeptover aperiodof 4weeks from the second inoculation. 
With the passage (M) strain opportunities for experiments of this type 
do not often arise because monkeys infected with the M strain nearly 
always die. In all of our homologous reinoculation experiments xvith 
the M strain the monkeys employed represented examples of the ex- 
perimental disease which had been modified by metliods we shall 
presently describe. In these reinoculations the same dose was em- 
ployed as that which had previously infected the monkey, and the in- 
tervals between the onset of paralysis and the second inoculation ■were 
20, 20, 52, 60, and 230 days respectively. None of these reinoculated 
monkeys showed any symiptoms such as fever or signs of illness as a 
result of the second inoculation. With the recently isolated strain 
(F), two homologous reinoculation experiments were done at intervals 
of 34 and 146 day’^s respectively, and, with our other recently isolated 
strain (W), sLx such experiments were done at intervals of 17, 20, 21, 
56, 101, and 111 days respectively. In none of these xverc any symp- 
toms produced as a result of the second inoculation. This is a smalt 
series and certainly does not exclude the possibility that monkeys may 
occasionally be reinfected "with homologous strains during the inter- 
vals studied but we believe, as others have often shown, that such 
instances of reinfection must be uncommon. 

Results of our first group of heterologous e.xperimcnts appear in 
Text-fig. 2. The first observation recorded in this group is of par- 
ticular value not only because the outcome was illuminating to us at 
the time it was performed, but because it represents the only monkey 
(No. 58) which survived in our series of more than 50 fresh monkeys 
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infected with the M strain. Several other survdvors, which will be 
subsequently described, represent monkeys which had pre\dously been 
partially immunized. 

Monkey 58 was inoculated with a human serum-virus mixture on Dec. 1, 1931. 
The usual infecting dose for this strain (0.5 cc. of a 0.1 per cent virus suspension in 
senmi) was employed. The human serum in this test possessed some neutrali^g 
properties for the strain but failed to neutralize it oompleteb'. After a pro- 
longed incubation period the animal became ill on Dec. 25, paralj^is of both hind 
legs was noted on Dec. 27. It eventually recovered and there was a slight return 
of function to the legs. On Apr, 7, 1932, the monkey was reinoculated with 0.5 
cc. of a 5 per cent suspension of the F strain. It became ill on Apr. 15 with paraly- 
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Text-Fig. 2. Four reinoculation experiments with the human F strain and the 
passage M strain. 


sis of the arms, tremor, and increased weakness of the legs. The animal was 
sacrificed on Apr. 18 and an examination of the tissues from the central ner\’Ous 
system revealed the presence of both old and fresh lesions of p>oliomyelitis in the 
brain and cord. 


The reverse of this experiment is recorded in three instances which 
also appear in Text-fig. 2, representing Monkeys 85, 105, and lOS. 
These experiments were done early in our work and may not be as 
satisfactorj- as some of the others, in that a larger dose of the M strain 
(ten times the usual infecting dose) was employed to reinfect the mon- 
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the early (third to fifth) passages of the W strain as contrasted with the 
later (sixth) passage of this strain. A few cross-inoculation experi- 
ments were done but the results are insignificant. It may be worth 
recording, however, that the experimental disease induced by a third 
passage W strain, gave complete protection to reinoculation by the F 
(eighth and ninth passage) strain in but one of three experiments; par- 
tial protection w^as developed in the other two. 

Comparative Results of Senwi-Viriis Neutralizaiion Tests unih the 
W and M Strains. — hs a further means of comparing the properties of 
human and passage strains, their individual susceptibility to neutra- 
lization by different samples of human sera was tested. In spite of the 


TABLE I 

Character of Symptoms Induced hy the Inoculation of a Passage Strain in Relation 
to the Interval from the Onset of a Previous Infection Induced by a Human Strain 


Time interval betTveen 
inooilntion of passage 
strain (M) and the onset 
of a proious human 
strain infection* 

No. of 
montej-s 
employed 


Per cent irhich developed 


Extensive 

paxalj’sis— 

animal 

prostrate 

Paralj-sis 
of one or 
more limbs 

Fever j tremor, 
ataxin, nnd 
slight weakness 

No sjTaploms 

A 

; days 1 

1 

More than 70 ! 

6 

83% 

17% 

0 

0 

B 

35-70 

10 

50% 

20% 

10% 

20% 

C 

20-35 

3 ' 

0 

0 

33%, 1 

66% 


* All of the human strain infections were induced by the W strain with the ex- 
ception of three in Group A which were induced by the F strain. 


occasional irregularities encountered with this test (see under Slethods) 
the results, which appear in Table II, show that it is not too crude for 
demonstrating differences in these two strains. Here are listed a series 
of comparative tests with the W and M strains on blood samples repre- 
senting fifteen indi\dduals which include seven frank cases ^ith paralv- 
sis, one frank case v,dthout paralysis, five abortive cases, and two con- 
tacts. The cases have been listed in series according to age and it 
appears that, regardless of the age of the patient, all but one of the 
recent convalescent samples from frank and abortive cases showed 
either partial or complete neutralization with the W strain of ^i^us. 
The exception, J. D., a diild 11 years of age, who had sustained 
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paralysis of both legs, failed to show any neutralization in a sample of 
blood obtained IS days from the onset of his disease and again 11 


TABLE II 

Comparative Ncutralizaiion Tests with a Recently Isolated Human Strain and a 

Passage Strain of Virus 





Recently isolated IV strain 

Passage M strain 

Patient 

Character of illness or contact 

Age 

Before 

or 

during 

attack 

or 

contact 

U to 10 
wks. 
from 
onset of 
attack 
or 

contact 

11 to 14 
mos, 
later 

Before 

or 

during 

attack 

or 

contact 

U to 10 
wks. 
from 
onset of 
attack 
or 

contact 

n to u 
mos. 
later 



yrs. i 







R. 0. 

1 Intimate contact 

1 1 

1 

— 


— 

- 


G. M. 

Frank case with paral}^- 

2 


+ 



- 



sis 








D. D. 

Frank case with paraly- 

25- 


+ 



— . 



i sis 



1 





E. D. 

j Abortive case 

4 

— 

+ 


— i 



F. 0. 

Mild frank case 

4^ 


+ 

+ 


— 


A. H. 

: Frank case with paraly- 

4J- 


+ 



— 



sis 








R. W. 

Abortive case 

5 

— 

it 


— 

— 


A. P. 

Frank case with paraly- 

6 


+ 

+ 


*- 

— 


sis 








I. 0. 

Frank case without pa- 

Gh 

* 

+ 

+ 


± 



ralysis 








M. D. 

Abortive case 

10 

+t 

+* 


— 

rl: 


B. E. 

Frank case with paraly- 

11 


+ 



— 



sis 







+ 

Ev. 0. 

Abortive case 

11 

♦ 


— 


+ 

J. D. 

Frank case with paraly- 

11 


— 

— 



+ 


sis 







+ 

Ed. 0. 

Intimate contact 

12 


+* 

+ 


+ 

C. 0. 

Abortive case 

13 

+t 

+* 

— 

bbt 

+ 

+ 


— , no neutralization, db, partial neutralization. +, complete ncutrali^'^ 


tion. 

Test repeated, similar result obtained, 
t Test repeated, discrepant results obtained; majority or average result ac 
cep ted. 

months later. An interpretation of the results of the neutralization 
tests with the W strain on the mild abortive cases and the contact.^' 
will be discussed in the following paper (11). 
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Quite a different pattern of results is obtained Tvith the M strain. 
Of the thirty-one tests recorded in this series there is practical agree- 
ment with those in the W series in about one-third. With the M strain 
the presence of neutralization seems to be somewhat an expression of 
the age of the child. With the older group (6J to 13 j-ears of age), 
there is some correlation between the increase of neutralizing power 
and the presence of either a frank or an abortive attack as shown by 
the result obtained udth L 0., a frank case; and M. D. and C. 0., abor- 
tive cases. Of the thirteen instances in which complete or partial 
neutralization was present for the M strain it was present for the W 
strain in eight; there are five instances in which neutralization was 
present for the M strain and absent for the W strain; ix-j the first and 
third samples from Ev. O., both samples from J. D., and the third from 
C. 0. Although the character of the differences between these two 
strains is unknown, it is also on the basis of these results that we be- 
lieve that the use of the term qualitative differences is justifiable in a 
comparative description of the properties of the hi and W strains. 

DISCUSSION 

Experiments in this report, together with previous observations in 
the literature (1-3), seem to leave little doubt that by the methods we 
and others have employed, differences can be demonstrated between 
recently isolated and passage strains of poliomyelitis virus, although 
there are common i mm unologic factors between these two strains. 
The situation recalls those differences which exist between the street 
virus and the fixed ^drus of rabies, or perhaps between vaccine virus 
and smallpox virus. Our ovm obsei^^ations may not afford much 
opportunity for generalizing upon the subject, based as they are on 
studies of but two so called human strains, and a single passage strain 
of poliomyelitis \drus, and we recognize that there is no exact knowl- 
edge as to the stability or the nature of the differences described be- 
tween these strains. Nevertheless, we are inchned to consider them 
as qualitative. Furthermore, it should be emphasized that there are 
no data which define the limits of a human strain. In fact, those 
strains which we have designated as human do not perhaps reallj' 
justify this term, for, during the few passages to which they have been 
exposed, the properties of one of them, W at least, have ^changed as 
has been sho^Mi in Tcxt-fig. 1. In spite of these limitations, how- 
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ever, the obsen’^ations do afford some information for wliich a practical 
application may be found. Thus it is our belief that in spite of the 
present difficulties inherent in the technique of the serum neutraliza- 
tion test, such tests with human serum with a recently isolated human 
strain of the virus, give a better concept of the antmral properties in- 
duced by the human disease than do similar tests performed vith pas- 
sage strains of the virus. With the passage strain some correlation 
with clinical events was, however, noted in cliildren who were older 
than 6 years. The correct interpretation of our neutralization tests 
performed vdth this passage ^drus is still a question and it seems to us 
tliat much of the data now in the literature concerning the neutraliza- 
tion of poliomyelitis virus by human sera, founded as it has been, 
largely upon passage strain experiments, is also open to some question 
in so far as giving complete or accurate information whicli has to do 
with the anti-human poliomyelitis virus properties of the blood. 

SUMMARY 

1. Confirmation of the qualitative differences which exist between 
so called human and passage strains of poliomyelitis virus has been 
established by the following obser\’-ations. 

(a) The experimental disease induced by two human strains usually 
failed to protect monkeys against a subsequent infection by a passage 
strain, and in the few instances in which the reverse experiment could 
be tried a similar lack of protection was observ'^ed. 

(b) In some human sera the neutralizing power for a human strain 
differed qualitatively from the neutralizing power for a passage strain. 

2. The time interv’^al between the intracerebral inoculation of heterol- 
ogous strains has been found to be an important factor bearing upon 
the results of the reinoculation experiments reported. IVithin the 
intervals used, the greater the period between the original infection 
and the reinoculation with a heterologous strain, the less was the 
degree of cross-immunity observ'ed. 
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Samples of blood were obtained about 10 weeks (exact time not stated) after the 
onset of both illnesses. The serum from the frank and the abortive case neutra- 
lized the virus. The character of the strain of 'vdnis used is not specified. In 
their neutralization tests equal parts of serum and virus suspension were employed 
which, unless otherwise stated, is the technique followed in aU subsequent experi- 
ments by other authors listed in this review. 

A year later Anderson and Frost (6) made a more extensive study of the neutra- 
lization test in a series of ten cases which they felt were probably examples of 
abortive poliomyelitis of the Wickman type. Seven of these ten abortive cases 
represented adults who were from 22 to 40 years of age. Blood samples were col- 
lected from 1 to 4 months after their acute illness. A passage strain of the 'virus 
was employed for their neutralization tests which were set up as follows: 0.5 cc, 
of a 5 per cent virus suspension, 0.5 cc. of serum to be tested, and 0.1 cc. of fresh 
normal serum. The first series of neutralization tests showed that sera from the 
seven adult members of the series neutralized the -virus, whereas sera from the 
three juvenile members aged 16, 10, and 7, did not. A repetition of the tests on 
the sera of the three juveniles in which a weaker (1 per cent) siispension of virus 
w'as employed, showed neutralization to be still absent from the sera of the patient 
aged 16, but to be present in the two yoimger children. These experiments have 
been transcribed in some detail because we believe such details to be important in 
the light of their present day interpretation. It is not surprising that tests from 
all of the seven adults should neutralize the virus. Furthermore, it is questionable 
whether the positive results obtained in any of their tests are significant, for as has 
been pointed out by Shaughnessy, Hannon, and Gordon (7) the results may have 
been influenced by the addition of normal human serum to activate the serum virus 
mixtures. Nevertheless, the negative neutralization tests on a single chfld who 
had sustained an abortive attack sho-uld be noted, even though they were per- 
formed by a rather unusual method. 

At about this time Miiller also reported a single instance of a positive neutra- 
lization test in a child who had sustained an abortive attack. Details of the test 
or the time interv’-al after the disease at which the sample was obtained, are not, 
given (8). Peabody, Draper, and Dochez (9), using a 1 : 10 \drus-serum mixture, 
reported a positive neutralization test in the serum from one of three sxispected 
cases, although according to the diagnostic criteria employed by these observ'ers, 
the case with neutralization would today be classified not as a true abortive case 
but as a non-paralytic frank case, in that it showed a pleocj'tosis in the spinal fluid. 

During the subsequent 20 years, in spite of the fact that knowledge of technical 
details of the neutralization lest increased, and that considerable data were col- 
lected upon the incidence of normal indiriduals in \’arious populations and age 
groups whose sera gave positive tests, little or no work seems to have been done 
upon the relation of this antibody content to the abortive case. It became evi- 
dent during this period that sera from the majority of supposedly normal adult 
individuals contained neutralizing antibodies for passage strains of the virus 
Many of the observ^Uons on this point have been summarized by the recent pub^ 



534 


-^s IN POLIOMI'ELITIC 

^“^ernational Pnn,^.-.. . 


of tl,e Inf ^^^lOAri^LlTis 

‘O wh-ci the ^1'“““““ . 

olefr'*™ ““'-'iaX'esS” »io ai^T lave 

6 m ^ l^oarding school tt t • i ^^inp]es of sera fm ' ^ Prcviouslv, 

«"™feaftotteo„eb«fc :'■"* ™s,ained®trb‘‘r''“‘’'^'"™»»'"' 

‘ s ranged from 8 to n ’ obtained fm • polionn-elitis 

tad sustained fa4 Tri ‘ta™ ad " t”“u' wi; : 

taiUrenwio had arrived ;r,b ? ''“'^ taen i„ remot ' taea in close 

Neutraliaatieu tests uni , 0 “' =*”<>' after the elni «« '"> 0 , „vo 

on roJs possessed antiviral sliotved that ail as controls. 

Tta auttors concluded U at ^'“”« ^ a vSL,“ 1 «» ™P‘ tvo 

tacts supported tJie view fh positive neutralizer; ^ strain of tiie ^•irus. 

J-=^:™a.erandr 

orred during the en'ri canvassed. The h’ •'^PPearance of the first 

-nforLd inir" -Seated, icinesses wJn4 1 

»nan t3-pe, were found ^ ®^'™Ptomatolog 3 r to illnesses, 

^;°/P of 50 chiidrem As ^Sa were^ PoJIomyehUs of tl.e WH- 

cliiJdren who "’ere also obta'^^^il 

‘^'Wren from an ad;' 7 P^-^^^cd throir gronps 

identical; that ^ threetr - 

3-cars of age in al] offh to 60 nt children proi-cd to he al- 

tralization, or in the w ^"°“Ps tosted VZ ‘^^''^ren un<ler 

"’“"ity in those ha,w ““thors, "^e o die presence 0 / ncu- 

f'PWIrcr aspect of Ik”® 1’“"' 'tiro 1 m'’-u‘““'’" °''’ ‘'S'' 'alcofm- 

."""■aniaation oclurll'’.™'’''” "I- id, dolls 11, ® ”»' 'aaftri.ifa." 

Kramer (14) p ^ Association with an siibdinfail or latent 

« prollp;,, l^Z ? ®™"P °f ‘"cnty-llr ' Iv tcs.oi 

"‘thin a few rf.Ti.o r-i. ‘*I "‘tb a patient i,.;.L Persons who had been in inti- 


■ -wa,,,er (J 4 ) -“-c^'-iciuon with m „ • • — ^ ^nuuiniou 

"’ate or prolonged cont^ ? ttt-ent 3 --thrco^ subsequently teste, 

"'thin a few chvs foil **• P^ttient with n "bo bad hecn in inti 

■ '“"“"■'"S temination of ,1 tatamyclitis, sera „cc obuiacl 

ftic contact, and in „velvc of dave 



JAiTES D. TRASK AND JOHN R. PAUL 


535 


samples neutralization tests were negative. Six of these twelve cases were a\’ail- 
able for retesting after 5 months and at this time the neutralization tests were 
positive. Sera were also obtained from another group of fifteen persons several 
days following casual and indirect contact; eight failed to neutralize and of these, 
six were available for retesting 3| months later. Here the late tests were found to 
be negative. He concluded that, ‘^The evidence presented indicates that immunity 
may follow exposure to the \drus without evidence of disease.’^ 

In xesume, therefore, the previously reported attempts to detect the 
presence of neutralizing antibodies for the virus following abortive at- 
tacks of poliomyelitis have yielded some conflicting results and widely 
different interpretations. The presence of an acceptable positive 
neutralization test following an abortive attack has been reported in 
three single instances by three groups of obser\^ers (5, 8, 13), whereas 
a single negative instance has been reported by another group (6); 
and in the large number of possible rmld abortive cases tested by 
Kramer and Aycock (12), no appreciable increase in neutralization in 
the whole group was noted. WTiat renders the interpretation of these 
findings still more difi&cult is the impression that neutralizing anti- 
bodies may occur with considerable regularity (13), or frequentty 
(14), in the blood of contacts who have passed through an epidemic 
without having sustained a frank or an abortive attack of the disease. 

Several features should be pointed out which, according to data pre- 
sented in this and our previous paper (15), probably influence the in- 
terpretation of the results of these tests. These are: (a) all of the 
tests which we have transcribed from the literature in which either the 
presence or absence of neutralization following an abortive attack of 
poliomyelitis is described, have been based on single convalescent 
samples of serum; (b) those in which negative results were reported 
were obtained 4 or 5 months after the illness, and the negative results 
have been reported rrith the implication that the absence of neutraliz- 
ing antibodies at that time suggested that such antibodies had not been 
pre\dously present; and (c) passage strains of the xlrus were employed 
in testing the neutralization of the sera from all of the suspected abor- 
tive cases and from contacts, except in two of the earlier publications 
in which the cliaracter of the strains is not specified (5, 7). 

Methods 

It has been our aim in this -work to obtain serial samples of blood 
from individual patients (a) before or during an attack of mild abor- 
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tive poliomyelitis, (b) during convalescence, and (c) several months 
later; and to compare the virus-neutralizing properties of these serial 
samples from each patient. 

For the neutralization tests both human and passage strains of virus were em- 
ployed. The reasons for la3dng emphasis upon tlie use of a human strain for these 
tests are given in the previous paper (15), together with a critical rewew of our 
experiences with the test, the technique and principles which we have employed, 
and a comparative series of results with a human and passage strain in frank cases. 
Primarily, certain points should receive emphasis, particularly as we believe that 
the attempt is often made to obtain more information from the neutralization test 
in this disease than it actualty at present affords. In our hands it has proved but 
a rough qualitative estimate of an unknown amount of neutralizing antibody 
for a given strain of virus, for we have not tried to quantitate the results. What 
relationship this unknown level of neutralizing antibody for various strains of the 
virus bears to questions of clinical immunity^ in poliomyelitis is also unknown. Wc 
believe that the most tangible information to be gained from the qualitative test is 
that afforded by testing serial samples of serum from the same individual in the 
same experiment. If serial tests thus performed show different results, tlien one 
can say that the neutralizing antibody content has changed in a given direction 
provided the tests were above reproach, but here again, and especially in using a 
human strain of virus, and sera in whicli the antiviral content is close to tlie border- 
line of neutralization, the susceptibilitj' of individual monkeys or perhaps other 
unknown factors have occasionally' given rise to discrepant results (15). 


EXPERIMENTAL 


The number of available individuals upon whom it was possible to 
obtain samples of blood before, during, and after an attack of mi ( 
abortive poliomyelitis was necessarily small and the results sho^\'n m 
this paper represent two small groups of individuals from each o 
whom two or three samples were obtained. All of the patients stiu 
ied were seen in the vicinity of New Haven during the 1931 epidemic. 


The first group of indiwduals which have been studied intensively’, 
family' composed of six children in which an epidemic of poliomyelitis occ ^ 
A schematic diagram of this family (Or.) has been published in one of our 
articles which describes an unsuccessful attempt to isolate the virus of P° 
litis from the throats of these particular children (1). Five of the si.x n 
this family’ became ill between Sept. 10 and 16, 1931, and in four of them 
was initiated with practically’ the same symptoms; namely, fc%’er, - 
vomiting, and pain in the neck, back, or limbs. One of these illnesses t 
child Irv'ing) turned out to be a frank case of poliomyeh'tis. /Vnothcr chi , 
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developed what was probably a frank case in which the diagnosis of nervous in- 
volvement rested upon the fact that she sustained a residual facial paralysis. In 
two other children the sjTnptoms were tj’pical of mild abortive poliomyelitis and 
it may be a little more than chance that these two abortive cases occurred in older 
members of the family than did the two frank cases, for as we have recently em- 
phasized, in this particular epidemic at least, the abortive cases tended to appear 
in an older age group than did the frank cases (3). The fifth illness occurred in 
an infant of 16 months and merely consisted of diarrhea of 4 days’ duration. 
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Text-Fig. 1. Diagram of Family Or., in which are shown \’arious illnesses 
designated by solid and shaded areas and also the results of the neutralization 
(or protection) tests taken during and after these illnesses. 

We have in this family two examples of mild abortive poliomyeh’tis 
representative of tlic s>mdrome which vre wish to test; two positive 
controls, in that they represent frank cases; and two contact, or nega- 
tive controls whicli represent either no illness at all or an illness (brief 
diarrhea of unexplained origin) which does not conform to the clinical 
picture of abortive poliomyelitis. 
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pies were obtained (Text-fig. 2), is composed of three children who 
were members of a small community in Madison, Conn., which sus- 
tained an extensive epidemic of poliom 3 ’'elitis during the summer of 
1931. Details of this epidemic have been described in another paper 
(1), in which a diagram is shown giving the time relationships between 
the tvrenty-five abortive and the four frank attacks of poliom3’'elitis 
which occurred among forty-one children in this community. 

Ail of the three children studied in this report had presiunabb^ been exposed to 
poliomyelitis in this community on several occasions during a period of 35 to 40 
days prior to the time at which the}’' developed an abortive attack. From the 
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Text-Fig. 2. Three cases of abortive poliomyelitis in which neutralization (or 
protection) tests were done on convalescent and earlier samples of serum. 


throat of one (R. We.) of these three children, the virus of pollomj’elitis had been 
isolated on the day of his illness. A blood sample was obtained at this time, 
Sept. 4, and a second (convalescent) sample was obtained on Sept. 29. The two 
other chDdrcn in the group of three from the Madison community represented two 
members of the same family, in whom we were fortunate to obtain blood samples a 
few days prior to the time when they contracted mild abortive attacks of the dis- 
ease. These first samples were obtained on Sept. 15. One of the children, M. 
Dg., aged 10, developed an abortive attack on Sept. 19; the other child, E. Dg., 
aged 4, an abortive attack on Sept. 22. A second (convalescent) sample was 
obtained on Oct. 12, 20 and 23 days after the onset of these illnesses. 

The results of the tests vdth the human or W strain appear in Text- 
fig. 2. They represent two neutralization experiments in which both 
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samples of blood from R. We., were included in the first experiment 
and both samples from the other two children in the second. In two 
of these children an increase of antiviral substances was found subse- 
quent to the abortive attack; in the other child, M. Dg., neutraliza- 
tion was present 9 days before she developed an abortive attack, and 
also in the convalescent specimen. Whether or not there was a change 
in the neutralizing antibody content of the convalescent sample from 
M. Dg. as opposed to the pre-illness sample is not determined by these 
tests, but, as will be subsequently shovm with the passage or M strain, 
a slight increase was demonstrated in the second sample from this 
child. The presence of neutralizing antibodies in the first pre-illness 
sample from M. Dg. tested in this experiment is difficult to explain, 
and although the result has been modified somewhat by subsequently 
repeated tests with the W strain (two tests have been positive and one 
negative) it nevertheless show^s us that a level of neutralizing anti- 
bodies, which was probably close to the borderline of a positive or 
negative test, did exist in this child prior to the time in whicli she be- 
came ill with abortive poliomyelitis. 

Comparison of Neutralization Tests with the Human (IF) Strain and 

the Passage (M) Strain 

In Table I is shown a comparative series of results wth two strains, 
our human (W) and a passage (M) strain. The manner in whicli these 
results have been recorded in the table deviates somewhat from the 
manner in whicli they appear in Text-figs. 1 and 2, in that some of the 
results marked by an asterisk or a dagger represent not a single c.\'pcn 
ment but the average of several experiments and the majorit} rc 
suits have been recorded. This gives rise to a single apparent ( is 
crepancy; namely, the result of the test with the W strain on the i^ 
sample from Charles Or. in which neutralization was absent in t le 
first experiment (recorded in Text-fig. 1) and present in two subsequen 
experiments. 

DifTerences between the pattern of results obtained with the tv ^ 
strains arc quite apparent and have been discussed in the prcM 
publication (15), in whicli the influence exerted by the age of 
tient upon the result of tests performed with the passage strain 
been pointed out. Those performed with the ibl strain upon t ic- 
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children who were under 10 years of age show no demonstrable effect 
which might have been induced by an abortive attack of poliomyelitis, 
but on the other hand, in two of the older children (10 and 13 years of 
age), there is an apparent increase in neutralizing power associated 
with the abortive attacks. It is also important to note that, although 
in these same two cases of abortive poliomyelitis (Charles Or. and M. 
Dg.) no consistent increase in antiviral content could be demonstrated 
in the early convalescent sample of sera with the W strain, in both of 
these cases a slight increase was demonstrable with the M strain. 

TABLE I 


Comparative N ciilralizalion Tests with a Human Strain (HO a Passage Strain 
0/) on Five Cases of Abortive Poliomyelitis 


Patient 

Afie 

Human (VS’’) strain 

Passage (M) strain 

Before or 
during 
attach 

1 3 whs. 
j later 

i 14 mos. 

1 later 

Before or 
during 
attach 

3 whs, 
later 

14 mos- 
latcr 


yrx. 





■1 


E. Dg 

4 


4- 


— 



R. We 

5 







ai. Dg 

10 

-f* 1 

+t 


— 



Evelyn Or 

11 

-f 

+t 


-ft 


+ 

Charles Or 

13 

-f* 

+t 

H 

i* 

i 

H 

4- 


no neutralization, db, partial neutralization. complete neutralization. 

* Test repeated, discrepant results obtained, majoritj' or average result ac- 
cepted. 

t Test repeated, similar result obtained. 

The significance of this finding is not apparent. One cannot say that 
the dividing line between a positive and negative test with the M 
strain represents a quantitative level of the same neutraliaing anti- 
body which is merely higher than that recorded by the W strain, for, 
as previously emphasized (15), there are qualitative differences be- 
tween these two strains. Nevertheless, in spite of the relative inac- 
curacy of the tests employed, and of our inability to interpret the 
results adequately, we believe that information of some rlinir^l or 
immunologic significance can be obtained from each set of tests, and 
that the data presented in Table I answer the question in the affirma- 
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by this, and perhaps other influences (17), to account for the relatively 
higher titers usually recorded in adult samples of blood, but we would 
call attention to the fact that here again there is little knowledge of the 
antibody content of the blood for human strains of poliomyelitis vims 
in various adult populations, because tests with human strains on an 
appreciable number of adult individuals have not to our knowledge 
been done. 

In conclusion, as stated in the introduction of this paper, it has not 
been our object to attempt to generalize with regard to our findings 
in terms of resistance or general immunity to poliomyelitis. The 
reasons for this are that we regard the presence of neutralizing anti- 
bodies in the blood, at least as measured by the methods recorded in 
this paper, as but one phase of immunity to poliomyelitis. The major 
significance of our results rests not in an explanation of mass immunity 
to poliomyelitis, but that they further confirm a view, held previously 
by many observers, that certain characteristic tj^es of minor illnesses 
which accompany an epidemic of poliomyelitis represent mild cases of 
the disease. 


CONCLUSION 

The neutralizing antibody content for poliomyelitis virus has been 
tested with both a human and a passage strain of the virus in serial 
samples of sera from five mild cases of abortive poliomyelitis, and an 
increase in this antibody content has been demonstrated in convales- 
cent samples obtained within 4 weeks of the acute illness. 
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FURTHER STUDIES ON THE HYPOPHYSK/H. SUBSTANCE 
GIVING INCREASED GONADOTROPIC EFFECTS 
WHEN COMBINED WITH PROLAN* 

By HERBERT U. EVANS, M.D., 3MIRIA]M E. SIMPSON, M.D., A^’D 
PAUL R, AUSTIN, Ph.D. 

{From the Laboratories of The Rockefeller InsiiUitefor Medical Research, N'ew York, 
and the University of Calif ornioj Berkeley) 

(Received for pubEcation, June 28, 1933) 

In a previous study (1) of the greatly increased gonadotropic effect 
of prolan when it is combined with some component of the anterior 
hypophysis, it was pointed out that the hypophyseal substance in 
question could be neither the growth nor gonad-stimulating hormone. 
Indeed, at that time it seemed that this substance had no physio- 
logical effect of its own, but was dependent upon its combination with 
prolan for the exhibition of activity. It can now be shown that the 
substance (the so called synergic factor) exhibits peculiar gonadotropic 
effects which distinguish it from any substance hitherto isolated from 
the hypophysis. VTien it is administered alone (/.c. uncombined with 
prolan) in three daily injections with autopsy of the animals at the 
end of 96 hours, it has produced little or no enlargement of the ovaries; 
yet sacrifice of the experimental animals at 36, 60 and 84 hours (Chart 
1) shows that definite gonadotropic properties are possessed by this 
material, evidenced by slightly increased ovary weights as early as the 
36th hour after the beginning of dosage, an effect earlier than that 
secured by some of the most potent gonadotropic preparations knovm. 
For example, the remarkable gonad-stimulating hormone from preg- 
nant mare’s serum produces a slower initial development of the ovaiy'*, 

* Aided by grants from the Rockefeller Foundation and from the Committee 
for Research in Problems of Sex of the National Research Council- We desire 
here also to express our thanks to the I. G. of Elbcrfeld, Germany, who, through 
Drs. H. Hdrlein, W. Schulemann and F. Laqueur, placed generous amounts of pro- 
lan at our disposal, and finally, to EU Lilly and Company of Indianapolis, without 
whose assistance in securing hvpophj-seal products this research would have been 
impossible. 
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by this method of injection using the same gonad-stimulating sub- 
stances as before. In the cases where the synergic substance was 
injected for 6 days (twice daily, as in Chart 2 (a)), the ov^vy weights 
do not decrease after 72-84 hours as in the case of the three injections. 

The increased ovary weights are at first not paralleled by dear mor- 
phological expression. Even though increase in ovarian weight is 



Chart 2. Response of the ovan* to \'arioiis gonadotropic hormones with (a) 
injection for 3 days (twice daily) and (6) injection continued for 6 da\’s. 

Synergic factor (R2721). 

Prolan. 

S>Tiergic factor in combination 'R'ith prolan. 

Pregnant mare serum. 

noted before 36 hours, the ovary’ may show only a slightly' increased 
vascularity. An increase in the number of medium sized follides is. 
however, usually noted by 24-4S hours. Some ovaries show no 
further development even by 113 hours. This is true for example of 
the synergic fraction prepared by trypsin and crepsin digestion 
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Most fractions of the synergic factor so far obtained g^ve some lu- 
teinization of the ovaries in 96 hours although uniform enlargement of 
the follicles to medium sized structures is the chief effect. WTiether 

TABLE I 


Gonad-Slimulaling Adion of Large Doses of the Synergic Fador 


Synergic fzetor 

Prolan 

Combinatioa O’n n/ro) 

Preparation 

' Dose 

1 W’cight of 
ovaries 

1 

Dose 

W'eigbt of 
ovaries 

Weight of 
0 %’aries 

Activation 


fng. 

mg. 

1 

mg. 

mg. 

mg. 

ptT cent 

Aqueous alcohol (pig) 

0.27 

18 



54 

25 

R2586 

0.54 

20 

13.6 

' 43 

102 

126 


1.36 

25 



129 

168 

Aqueous alcohol (pig) 

1.36 

22 



107 

181 

R3524 

2.73 

28 



130 

196 


6.8 

27 

13.6 

34 

128 

197 


13.6 

26 



118 

1 181 


27.3 

36 



131 

162 


54.5 

67 



141 

1 

72 


TABLE n 


Combination of Luteinizing Fraction ’ivith the Synergic Factor 


S>'ncrgic factor 


Luteinizing fraction 

Combination (in ri/ro) 

Preparation 

Dose 

W'cight of 
0%’arics 

Dose 

Weight of 
ovaries 

W'dght of 
ovaries 

AcUSatioa 


mg. 

mg. 

mg. 

mg. \ 

mg. 

ger cert 

Aqueous alcohol (pig) R2834, 

2.7 

26 

13.6 

22 

41 

36 

R3160 

1.36 

21 

27.3 

23 

94 

261 

Aqueous alcohol (sheep), su- 
pernatant after isoelectric 
precipitation R3330 

0.27 

17 

27.3 

23 

61 

178 

Alkaline extract (sheep), tOT- 
sin and crepsin digested 
R3331 

1.36 

25 

27.3 

23 

SO 

i 166 

Acetic acid powder (sheep) 
R3332 

13.6 

19 

27.3 

23 

54 

i 

1 

125 


the luteinization is an inherent property of the substance, is due to 
contamination by the luteinizing fraction or is due to the animal’s 
own h 37 >ophysis cannot be said at present. 




































550 


HYPOPHYSEAL SUBSTANCE COMBINED MHTH PROLAN 


These facts clearly indicate that the synergic factor, prepared in this 
laboratory, cannot be identified with either the luteinizing or foUide- 
stimulating fractions and is actually a third gonadotropic substance 
from the pituitary. Indeed, it would appear that the follide-stimu- 
lating fraction (2, 5) is a mixture of the synergic factor herein de- 
scribed, with what has been designated as the follicle-stimulating sub- 
stance. There is no question as to the non-identity of prolan and the 
luteinizing fraction. 

It would appear, then, that we are not justified in identif)ang the 
above mentioned recombination effects with our activation experiments, 
that indeed a comparison of the two experiences cannot as yet be in- 
stituted, although future research may disclose an underlying reason 
why the combinations in question should necessarily increase in each 
instance the gonadotropic effect. 

Antagonis7n of Gofiad-Stiimdating Effects by Some Hypophyseal 

Compoimii 

Some years ago it was shown that the normal gonad-stimulating 
effect of implants of anterior hypophysis in hypophysectomized rats 
(Smith (6)) or normal immature rats (Evans and Simpson (7)) could 
be prevented by the simultaneous intraperitoneal injection of cnide 
extracts of anterior hjqjophysis. Leonard (8) has shown similarly 
that simultaneous injection of Van Dyke’s growth extract effectively 
masked the action of the foUicle-stimuIating fraction. 

It may be noted here that the conditions employed for obtaining 
synergism are by subcutaneous injection of the in vitro combination of 
prolan with the synergic factor. The conditions used for demonstra- 
tion of the antagonism phenomenon •were subcutaneous injection of 
prolan and simultaneous intraperitoneal injection of the hypophyseal 
component. 

In this investigation, the capacity of fractions containing the syn- 
ergic factor to decrease the action of potent gonad-stimulators was 
determined and this property was almost invariably a concomitant 
of the s\Tiergistic activity (Table III). However, when digestion of 
anterior lobe was carried out (digestion with trypsin followed by a 
short digestion with erepsin) the two activities were diffcrentiallj 
separated. The sjmergic factor was not injured but the digested nia- 
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terial was no longer able to influence adversely the gonadotropic effect 
of prolan. Similarly an isoelectric precipitation at pH 4.4-4.6 of 

TABLE m 


Antagmiisvi and Synergism of Prolan and Anterior Hypophyseal Fractions -jdth 
Siihseqnent Differential Destruction of the Antagonistic Factor 


Preparation 

Antagonism phenomenon 

Synergism phenomenon 

u c 

u 

O h. 

e; 

c 

o 

c 

e 

u 

C c 

c E 

— c 

II 

|i 

u 

U V 

n c 

5 

1.1 

2 

C 

u 

c: 

c 

0 

.S — 
c S 

Combiniitlon (for 

E 

o 

d 

c 

.a 

o 

%r, 

C 

O 

O c 

"c y 
o 

> 

o 

C 

c 

o 

S- C 

o 

c 

c 

il 

c 

31 

Activation 

Aqueous alcohol (pig); control, R3116 

As above, pH 4.5, 70^C., 1 hr. 

“ “ pH 4.5, 70"“ 3hrs. 

" “ pH 8.5, 70"“ Ihr. 

“ “ pH 8.5, 70"“ 3 his. 

ng. 

2,7 

rtg. 

17 

ng. 

13.6 

43 

ff;r. 

16 

27 

32 

27 

35 

mr- 

2.7 

rr.g. 

25 

rsr- 

13.6 

nr- 

43 

mg, 

124 

124 

93 

79 

54 


Aqueous alcohol (sheep); control, R22S9 

2.7 

25 

13,6 

43 

24 

1.36 

21 

13.6 

38 

137 

234 

As above, supernatant after isoelectric 

1.36 

20 



60 

0.54 


13.6 

43 

175 

280 

precipitation R3143 












Tr^^psin and erepsin digest (sheep) 




45 

46 

1.36 

25 

13.6 

31 

144 

278 

R3356 






1 







u. 







j 




Alkaline c.xtract (sheep) ; control, R28S9 

1.5 

9 

13.6 

30 

20 

2.7 

63 

13.6 

35 

178 

122 







0.27 

23 

i 

1 


105 

162 

Above solution, tr^'psin digested 

1.5 

9 



24 

2.7 

33 



143 

185 







0.27 

20 



64 

73 

Tij-psin digestion followed b^* crepsin 

1.5 

12 



47 

2.7 

37 



153 

183 







0.27 

22 



59 

51 


fractions cxliibiting both phenomena left a supernatant liquor which 
was the most potent fraction in s^mergistic actmty (Table \TI) yet 
obtained, but was unable to decrease the effect of prolan. These 
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experiments (summarized in Table III) strongly indicate that the two 
properties are not due to the same constituent. 

The fact that these fractions contain little or no growth hormone 
and do not contain the luteinizing or follicle-stimulating fractions 
would seem to eliminate the synergic material and these other sub- 
stances from consideration as the antagonist. 


TABLE IV 

Combinalion of Synergic Factor with Prolan Prepared by Different Methods 


Synergic factor 

Prolan 

Combination 
{in rilro) 



Weight 



Weight 

Weight 


Preparation 

Dose 

of 

Preparation 

Dose 

of. 

of. 

tion 



ovaries 



ovaries 

ovaries 



VIS. 


VIS. 

VJS* 

VIS’ 

per cent 

Aqueous alcohol (sheep) 

6.8 

29 

Alcohol-am- 

27.3 

47 

221 

281 




monia 








R2193 





1 



Repeated al- 

13.6 

31 

111 

164 




cohol pre- 
cipitation 
R2194 

27.3 

42 

165 

211 

Aqueous alcohol (pig) 

2.7 

17 

Alcohol-am- 

i 27.3 

Iq 






I monia 








R2380 








Repeated al- 

54.5 







cohol pre- 
cipitation 
R2381 


1 

1 



Optimal Conditions for the Demonstration of Synergism 

It seemed of interest to determine the effect of prolan variously 
prepared on the degree of sjoiergism obtained. In this respect, prolan 
prepared by the alcohol-ammonia extraction method (9) was found 
to be much more potent than that prepared by repealed alcohol pre- 
cipitation (see Table R^). 

In order to determine the optimal proportions of prolan and the 
synergic factor, a constant amount of prolan was used in comhina- 
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tion with varying amounts of the synergic principle and a constant 
amount of the synergic principle was used in combination with 
vaiying amounts of prolan. The results are given in Tables I and V. 
It is seen that for optimal augmentation between 10 and 20 times the 


TABLE V 


Cotnbiiiatioji of Variable Amounts of Prolan vnih Conslaiil Amounts of Synergic 

Factor 


Synergic factor 

Prolan 

Combination 
(in vitro) 

Preparation 

Dose 

Weight 

of^ 

ovaries 

Dose 

Weight 

of 

ovaries 

Description 
of ovaries 

Weight 

°f. 

ovaries 

A<^va- 

tion 


mg. 

mg 

rr.e. 

mg. 


mg. 

per tent 




0.54 

26 

Corpora, 

33 

10 






large fol- 








licles 






2.7 

26 

H it 

lOS 

260 


1.36 

22 

6.8 

36 

it (( 

114 

186 




13.6 

38 

it it 

130 

210 




27.3 

38 

it it 

187 

345 

Aqueous alcohol (pig) R2739 



81.8 

49 

it ft 

209 

294 




0.54 

26 

it tt 

44 

33 




2.7 

26 

it it 

91 

176 


2.73 

25 

6-8 

36 


154 

268 




13.6 

38 

it it 

131 

191 




27.3 

38 

tt tt 

158 

251 




81.8 

1 

49 

it it 

105 

87 




0.271 

15 

Infantile 

26 

24 




0.54; 

29 

Corpora 

37 

16 

Aqueous alcohol (pig) R30S2 

2.73 

21 

1.36 

32 

it 

60 

71 





30 

it 

75 

127 





44 

Corpora, 

i 128 

1 172 






large fol- 








licles 






13.6 

43 

tt tt 

155 

237 

j 


minimal dose of prolan (gonadotropic assay) is necessary in combina- 
tion \nth about two to three times the minimum dose of the synergic 
factor (activation assay). The use of larger doses of the sjmergic 
factor is inadvisable, since the augmentation produced is not as great 
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as that given by the lower doses. This may possibly be due to the 
presence of the antagonistic substance {pide supra) as a contaminant 
in the preparations then employed. 

As to duration of the synergic experiments, Chart 2 indicates that a 
sufficient augmentation (with three injections) is obtained in 72 hours 
which is, therefore, not too early to terminate the experiment. 

Chemical Characieristics of the Synergic Factor 

The comparative stability of the synergic substance noted in the 
previous paper (1) has been shovm to extend over a wide variety of 
hydrogen ion concentrations, even at slightly elevated temperatures. 
Thus in alkaline solution pH 8-12 it was stable at room temperature 
for 24 hours. At pH 8.5 it was seriously injured in 1-3 hours at 70°C. 
but at 37°C. it was stable for 6 hours. In acid solutions (pH 4-1) it was 
somewhat destroyed in 24 hours at room temperature. At pH 4-5 
it was quite stable for 1-5 hours at 37°C., but 9 hours at pH 2 completely 
inactivated the material. Stability to acid and alkali is illustrated in 
Tables III and VI. 

Enzymatic hydrolysis of anterior lobe material was next undertaken 
in order to remove as far as possible protein contaminants without de- 
struction of the synergic principle. Pepsin w^as found to be unsatis- 
factory since the sjmergic factor was readily injured. Trypsin, how- 
ever, w'as found to be quite advantageous since 4-5 hours digestion 
at 37°C. hydrolyzed a considerable portion of the protein, but did not 
affect the activity of the synergic principle. Vffien the trj'ptic diges- 
tion w'as foUow’^ed by erepsin, though some further hydrolysis was ef- 
fected, there was little loss in activity. The erepsin digestion was of 
value since tlie antagonistic factor w'^as thereby eliminated. The 
action of various digests is sho^vn in Table VI. 

Following trjqjtic and ereptic digestion, the solution could be con- 
centrated in vacuo to one-tenth the original volume and then the addi- 
tion of alcohol to a concentration of 80 per cent precipitated the ac- 
tive material which w'as potent for synergism in 0.27 mg. dose (3700 
rat units per gm.). This material gave a positive biuret test. 

The most convenient method of preparing a potent fraction of the 
synergic principle is the aqueous alcohol extraction procedure prcvi- 
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ously described (1). The material, however, contained appreciable 
amounts of the antagonistic factor among other possible contaminants. 

Isoelectric precipitation of impurities was efficacious both in the 
elimination of the antagonistic factor and in producing the most potent 

TABLE VI 


Digestion of Sheep Anterior PiUiitary Powder with Trypsin, Erepsin and Pepsin 


Hypophyseal material 

Probn 

Combination 
(*« n'/ro) 

Preparation 

Dose 

Weight 

of 

ovaries 

Dose 

Weight 

of 

cr.’aries 

Weight 

of 

uvzjics 

Activa- 

tion 


cc. 

rr^. 

mg. 

mg. 

mg. 

percent 

Alkaline extract, neutralized, frozen (con- 


63 

13.6 

32 

178 

131 

trol) R2798 


23 



105 

183 

Alkaline extract (above), pH 8.5, 37 °C. for 

n 

33 

13.6 

32 

143 

204 

4.5 hrs. with trypsin R2803 

0.27 

20 



64 

88 

Trypsin digest (above), pH 8.0, 37®C. for 4 

2.7 

37 

13.6 

32 

153 

200 

hrs. with erepsin R2807 

0.27 

22 



59 

64 

Alkaline extract, pH 4.0, 37°C. for 4.5 hrs. 

2.7 

23 

13.6 

32 

139 

276 

(control) R2811 

0.27 

18 



49 

63 

Alkaline extract, pH 4.0, 37°C. for 4.5 hrs. 

2.7 

18 

13.6 

32 

46 

43 

with pepsin R2813 

0.27 

19 



41 

24 

Aqueous alcohol extract water solution, neu- 

0.27 i 

32 

13.6 

38 

140 

169 

tral, frozen (control) R2711 







Aqueous alcohol extract, water solution, pH 

0.27 

48 

13.6 

38 

140 

106 

8.5, 37®C. for 6 hrs. (control) R2712 







Aqueous alcohol extract, water solution, pH 

0.27 

28 

13.6 

38 

196 

308 

8.5, 37°C. for 6 hours wth tiypsin R2713 







Tr>'psin digest (above), pH 8,0, 3 hrs. with 

0 27 

26 

13.6 

3S 

140 

205 

erepsin R2717 








fraction yet obtained. A potent fraction of the s^mergic factor (con- 
taining 7300 rat units per gm.) was precipitated isoclectrically and the 
supernatant liquor contained the active material which was prccipitablc 
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/7.000 rat unSpe™ d°=e of 27 

assay of the active fractions descrilfr'; “ “r‘ The b JogicaJ 

■soelectnc precipitation) is she™ L xte'l^r 


table VII 



Unless othp * Procedures 

st„H “'«P»nmont. Daily injections 

Site • T “i""'" '■>■ 

t 0 m,,, e. Pnenllel tests .vere aieva ' ” “'”1 ^ ee. 

liquid ad was dissolved in 11 ct"^ component of this 

" order .0 demonstrate ante ■ 

mtered intmperitoneally, aif re";rltn'’was'’'-”f "'• 

ach component was dissolved in injected subcu- 

cc. of water, with daily injee- 
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tion of 0.5 cc. of each solution per rat. In the control experiments each of the 
components used in combination was dissolved in 11 cc. of water and 1 cc. was 
injected daily. As in the combination experiment the prolan was injected sub- 
cutaneously and the h>i)oph>^eal component intraperitoneally. 

All experimental animals were sacrificed 96 hours after the first injection unless 
otherwise specified. The ovaries were obser\"ed imder a binocular microscope, 
then carefully dissected and weighed. The weights of ovaries given in the tables 
are averages based on three animals. 

Preparation of Fractions Potent in the Synergic Substance 

The aqueous alcohol extraction method previously described (1) has been found 
to be the most satisfactoiy^ method of preparing comparatively potent fractions 
of the s>aiergic principle. Frozen sheep anterior pituitary' glands (1370 gm.) were 
ground very fine into 5000 cc. of 60 per cent alcohoL The mixture was allowed 
to stand for 6 hours at room temperature with occasional stirring after which the 
solvent was decanted and filtered and the fluid saved {ca. 4500 cc,). The gland 
residue was reextracted with 5000 cc. of 40 per cent alcohol for 15 hours. The 
solvent was again decanted {ca. 4500 cc.) and the extraction repeated with 5000 
cc. of 40 per cent alcohol for 3 hours. The combined filtrates (14,000 cc.) were 
poured into 32,000 cc. of alcohol and a small amoimt of saturated alcoholic sodium 
acetate was added to precipitate the active material. By this means there was 
obtained 6.0 gm. of a powder, almost completely soluble in water and potent in 
0.136 mg. dose (R3372, Table \TI). 

Isoelectric precipitation of the above product eliminated inactiv'e material and 
other impurities. For this procedure 1 gm. of the substance was dissolved in 100 
cc. water and the insoluble material centrifuged off. The solution was adjusted 
to pH 4.4 and a large proportion of the material then precipitated. The mixture 
was allowed to stand 8 hoxirs at room temperature and the precipitate was cen- 
trifuged off. Most of the actUdty was retained by the supernatant liquor which 
was poured into 500 cc. of alcohol and the active material precipitated by the addi- 
tion of a small amount of saturated alcoholic sodium acetate. The jneld was 0.16 
gm. of a powder, potent in 0.027 mg. dose (R3500, Table \TI) and gi\ing a posi- 
tive biuret test. 

For the study of the action of enz>Tnes on the anterior pituitan*, with particu- 
lar reference to the s\Tiergic and antagonistic principles, an alkaline extract of 
anterior lobe was used as stock material. Desiccated sheep anterior h\'poph>*sis 
(20 gm.) was e-xtractcd thoroughly with 1000 cc. of dilute sodium hydroxide solu- 
tion (pH ca. S-9) and the insoluble material centrifuged off (the >ield of the insolu- 
ble fraction was 10.5 gm. and contained little of the s\Ticrgic factor). The alkaline 
solution was adjusted to neutrality and used as the starting point for the follow- 
ing digestions. It contained about 1 per cent of the anterior lobe material. 

The digestions with tr>q)sin were carried out by adding 1 part of mpsin (Fair- 
child Bros, and Foster) to 100 parts of anterior lobe. The solutions were adjusted 
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to pH 8,5 and kept at 37°C, throughout the digestion. The progress of the diges- 
tion was followed determining tlie change in total acidity (10, 11). Aliquots 
of the solution were titrated at intervals Avith sodium hydroxide solution using 
tlwmolphthalein as the indicator. Digestion was found to be practically com- 
plete in 4 to 5 hours. Since no foreign buffer was used to maintain tlie hydrogen 
ion concentration, tlie solution was readjusted to pH 8,5 every 2 hours. The tryp- 
tic hydrotysis did not affect the synergic principle but digested much of the inac- 
tive protein present in the solution (Table VI). 

Anterior lobe solution digested with trypsin was tlien subjected to digestion 
with erepsin, Erepsin (The Arlington Chemical Co.) was added in an amount 
equal to 1 per cent of the original concentration of anterior lobe, tlie solution ad- 
justed to pH 8.0 and kept at 37°C. during the digestion. There was little diange 
in titratable acidit}^ during 4 hours but biological assa}’' of the resulting solution 
indicated that the antagonistic factor had been destro 3 'ed with little harm to tlic 
sjmergistic principle (Tables III and VI). 

Pepsin digestion of tlie alkaline extract of anterior lobe was carried out using 1 
part of pepsin (The Wilson Laboratories) to 100 parts of anterior lobe material. 
Digestion at pH 4.0 and 37°C. completely destro 3 "ed tlie actmt 3 " of the synergic 
principle within 4,5 hours (Table AT). 

Solutions of the anterior h 3 ^poph 3 ’'sis digested witli tr 3 ’psin and erepsin as de- 
scribed above gave no precipitate on addition of alcohol to 80 per cent concentra- 
tion. The solutions were, tlierefore, first concentrated in vacuo (at a water bath 
temperature of 55®C.) to one-tentli the original volume. This concentrate on 
precipitation with four volumes of alcohol gave a product which was easily soluble 
in water and contained most of the acti\dty present in the original solution. It 
was potent in 0,136 mg. dose and gave a positive biuret test. 

SUMMARY 

The h}’'poph3’'seal substance — the synergic factor — which gives 
increased gonadotropic effects when combined with prolan has been 
shown to itself possess a definite though slight gonadotropic activit) . 
It produces transitory^ follicular enlargement within 24-48 hours, which, 
however, regresses at once on cessation of treatment so that b}^ the 
end of the 4th day the ovary again approximates its infantile weight. 

The synergic principle indeed provokes only moderate ovarian 
development when administered in 100 times the dose necessary to 
demonstrate the activation phenomenon. 

By" means of isoelectric precipitation or by means of tryTl'^ 
ereptic digestion, fractions containing the synergic principle vere 
freed of many contaminants, in particular of the antagonistic factor. 

The symcrgic principle has been shown to be unaffected by digestion 
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with trypsin or trypsin followed by a short digestion vdth erepsin, but 
the action of pepsin inactivated the material. 

A preparation of the active substance has been obtained which is 
potent in a total dose of 27 gamma. 
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THE RECOGNITION AND COMPARISON OF PROLAN AND 
PROLAN-LIKE SUBSTANCES* 


By HERBERT M. EVANS, SHRIAAI E. SEMPSON, M.D., akd 
PATJL R. AUSTIN, Ph,D. 

{From the Laboratories of The Rockefeller Institute for Medical Research^ New Yorh^ 
and the University of California j Berkeley) 

(Received for publication, June 28, 1933) 

It has been shown that the limited gonadotropic effect of prolan 
can be greatly enhanced by the simultaneous injection of a sjmergic 
principle from the hypophysis (1,2). This suggested that the method 
could be used to demonstrate the presence of prolan or prolan-like 
substances occurring in blood or urines in conditions other than 
pregnancy. 

The occurrence of a gonad-stimidatiag substance in the urine of men 
is manifested in certain pathological conditions (castration, genital 
carcinoma) (3, 4), but no evidence for the presence of such a substance 
in normal male urine has ever been obtained. In the course of this 
study, various methods for the concentration of prolan have been 
applied to male urine^ and in the best concentrates (alcohol-ammonia 
extracts) it has been possible to demonstrate the presence of a prolan- 
like substance by administering it alone. Further, when these con- 
centrates were strengthened by the addition of the sjmergic factor 
from the hypophysis, a significant augmentation of the infantile rat 
ovaries was elicited. This was the case vith both the crude alcohol 
precipitate and the more concentrated extract (Table I). 

* Aided by grants from the Rockefeller Foundation and from the Committee 
for Research in Problems of Sex of the National Research Council. We desire 
here also to express our thanks to the I. G. of Elbcrfeld, Germany, who, through 
Drs. H. Horlcin, W. Schulcmann and F. Laqueur, placed generous amounts of pro- 
lan at our disposal, and finally, to Eli Lilly and Company of Indianapolis, without 
whose assistance in securing h\poph}*scal products this research v*ould have been 
impossible. 

* We arc grateful to Dr. J. A. Morrell of E. R. Squibb and Sons for generous 
suppUcs of a concentrate from urine of normal men. 
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It is a matter of no little concern to the ph 5 '-siologist that prolan has 
been found almost solely in the serum and urine of primates. With 
the sensitive synergism test at hand, it seemed important to inquire 
if small amounts of prolan-like substances could not be detected in 
the sera and urine of non-primates. Evidence to the effect that gon- 
adotropic substances do in fact occur in mammals other than primates 


TABLE I 

Response of the Inwiaiurc Female Rat to a Combination of the Hypophyseal Synergic 
Principle with Prolan-Like Substances from Hnman Sources 


ProIan-likc substance 

Synergic 

prindple 

(pig) 

Combina- 

tion* 

(fri nVroj 


1 ^ 
o d 

'o 

in 


U tfi 
55 P\ 
O rf 

*0 

tfi 

*0 

c 

S 

Source 



Description of 




d 

> 



U o 

ovaries 

O"^ 

H 

0 0 
& 

.s > 

u 

< 








per 



1 



mg. 

W.c. 

eeni 

Pregnancy serum, acetone-ammonia 

54.4 

36 

2-6 corpora 

2,7 

25 

82 

90 

extract R2438 

27.3 

26 

2-6 “ 



57 

72 

Placenta, alcohol precipitate of aque- 

54.4 

20 

Large follicles 

1 

2.7 

20 

94 

327 

ous acetone extract R23S4 

27.3 

17 

i( iC 



! 38 

90 

Normal male urine (age 20-40 yrs.) 








Crude alcohol precipitate R2666 

272 

12 

Infantile 

' 2.7 

32 

66 

106 

Reprccipitatcd from alcohol R2346 

163 

15 


2.7 

■ 17 

54 

200 

Alcohol-ammonia extract R2662 

272 

16 

3-8 corpora 

2.7 

32 

81 

165 

Alcohol-ammonia extract R2442 

215 

28 

i 3-4 

2.7 

25 

53 

51 


* The given weights of the two components were mixed in vitro and injected 
subcutaneously, daily, on 3 successive days with autopsy after 96 hours (1, 2). 
Three rats were used in each group. 


has accumulated from parabiotic studies (Matsuyama (5)). Martins 
(6) and Emery (7) found by direct injection that the blood of the cas- 
trate male and female rat contains a gonadotropic substance. The 
sera of normal males and pregnant or non-pregnant females gave onl> 
a negative reaction as did the urines of all animals studied. JelTcoatc 
(8) found that gonadectomized rabbits excrete a gonad-stimulating 
substance in their urine. 
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of rats led to a s imil ar investigation of other animal forms. The 
findings in the rat were largely confirmed. Serum of pregnant and 
non-pregnant cow,“ pregnant and non-pregnant pig and urines of 
pregnant and non-pregnant guinea pig and pregnant dog were all 
negative when injected alone and all gave activation when combined 
with the synergic factor. The urine of pregnant and non-pregnant 
rabbits,^ however, showed but slight activation when tested similarly 
and the urine of pregnant mares, none at all. These results are sum- 
marized in Table III. 

Since the activation phenomenon has been obser\’'ed in many in- 
stances regardless of whether or not the prolan-like substances was 
positive by itself, it seemed worthwhile to give subminimal doses of 
prolan from pregnancy urine with the S3mergic factor. In Table IV 
is shown the effect of combioing varying doses of prolan with a constant 
amount of the hypophyseal component. It was rather surprising to 
find that pregnancy prolan was potent in doses lower than those which 
showed the activation phenomenon. It is, therefore, apparent that 
the prolan-like material present in most non-pregnancy urine is differ- 
ent from that in pregnancy. 

Because of the theoretical interest attached to the possible origin of 
prolan and prolan-like bodies from the hypophysis it seemed important 
to determine whether or not gonadotropic substances when actually 
injected into rats would reappear in their urine. Ehrhardt has sho\\Ti 
(11) that the urine of a non-pregnant woman contained prolan shortly 
after she had received a blood transfusion from a pregnant woman. 

In this study prolan and pregnant mare’s serum were injected into 
separate groups of rats and their urine was collected, concentrated 
and assayed. Rats injected vdth prolan secreted at least a portion of 
it in their urine (quantitative recoveiy^ was not attempted). Both the 
native urine and the concentrates gave positive reactions. Thus 6 cc. 
of the sevenfold concentrated urine gave 62 mg. ovaries. However, 

* Leonard (9) has presented data that indicate the presence of proIan-IiI:e sub- 
stances in the urine of pregnant and non-pregnant cov:s. Combination of the 
urinar\’ product with the follicle stimulator (10) (which contains the svncrgic 
principle) gave increased o\’ar\* weights. 

* \Vc desire to thank Drs. Wade Brown and I-ouise Pearce for pladng rabbits of 
known sexual histor>’ at our disposal. 
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of rats led to a similar investigation of other animal forms. The 
findings in the rat were largely confirmed. Serum of pregnant and 
non-pregnant cow,^ pregnant and non-pregnant pig and urines of 
pregnant and non-pregnant guinea pig and pregnant dog were aU 
negative when injected alone and all gave activation when combined 
with the synergic factor. The urine of pregnant and non-pregnant 
rabbits,^ however, showed but slight activation when tested similarly 
and the urine of pregnant mares, none at all. These results are sum- 
marized in Table IH. 

Since the activation phenomenon has been observed in many in- 
stances regardless of whether or not the prolan-like substances was 
positive by itself, it seemed worthwhile to give subminimal doses of 
prolan from pregnancy urine with the synergic factor. In Table W 
is shown the effect of combiniug varying doses of prolan with a constant 
amount of the hypophyseal component. It was rather surprising to 
find that pregnancy prolan was potent in doses lower than those which 
showed the activation phenomenon. It is, therefore, apparent that 
the prolan-like material present in most non-pregnancy urine is differ- 
ent from that in pregnancy. 

Because of the theoretical interest attached to the possible origin of 
prolan and prolan-like bodies from the hypophysis it seemed important 
to determine whether or not gonadotropic substances when actually 
injected into rats would reappear in their urine. Ehrhardt has shovm 
(11) that the urine of a non-pregnant woman contained prolan shortly 
after she had received a blood transfusion from a pregnant woman. 

In this study prolan and pregnant mare’s serum were injected into 
separate groups of rats and their urine was collected, concentrated 
and assayed. Rats injected \rith prolan secreted at least a portion of 
it in their urine (quantitative recovety was not attempted). Both the 
native urine and the concentrates gave positive reactions. Thus 6 cc. 
of the sevenfold concentrated urine gave 62 mg. ovaries. However, 

- Leonard (9) has presented data that indicate the presence of prolan-lilie sub- 
stances in the urine of pregnant and non-pregnant co\ys. Combination of the 
urinary product with the follicle stimulator (10) (which contains the svnergic 
principle) gave increased o\*ar\' weights. 

* We desire to thank Drs. Wade BrovMi and Louise Pearce for pbdng rabbits of 
known scucual hbtory at our disposal. 
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urine from rats receiving pregnant mare’s serum could not be differen- 
tiated from urine of uninjected controls. This is in agreement vitli 
the fact that no gonadotropic hormone is found in the urine of the 
pregnant mare. 

Realizing that the physiological mechanism of the rat differs from 
that of primates in the handling of gonadotropic substances, we in- 
jected rhesus monlceys intravenously with pregnant mare’s serum and 
hypophyseal gonad-stimulating substance (pig flavianate preparation). 
The urines were collected, concentrated and assayed in immature 


TABLE IV 

Effect of Comhiiialioii of Varying Doses of Prolan with a Constant Amount of the 
Synergic Principle from the Hypophysis 


Prolan (R30S2) 

Synergic principle (pig) 

Combination (in vitro) 


Weight of 

Description 


Weight of 

Weight of 

Activation 


ovaries 

of ovaries 


ovaries 

ovaries 


Tng. 

fnS‘ 


wg. 

Vig, 

mg. 

f>cr cent 

13.6 

43 ^ 

Large fol- 


j 

155 

237 



licks 







and cor- 







pora 


21 



6.8 

44 

(C u 



(Small 

’ 128 

172 

2.7 

30 

(t it 

1.36 


and me- 

75 

127 

1.36 

32 

ft it 



1 dium folli- 

60 

71 






'cles only) 



0.54 

29 

Few cor- 



37 

16 



pora 




23 

0.27 

15 

Infantile 



26 


female rats. A gonadotropic hormone was abundantly demonstrated 
in the urine of the monkeys injected w'ith the hypoph 3 ^seal hormone. 
An ovarj" weight of 62 mg. was elicited by the injection of a total dose 
of 69 mg. of the urinary concentrate. Combination with the s}Tiergic 
substance did not further increase the ovary weights. The unnar> 
product from the monkej'-s injected with pregnant mare’s scrum con 
tained no gonadotropic substance. The results were, therefore, com 
parable to those in the rat. Further, the urine did not show the acti 
vation phenomenon on combination with the s>mergic principle. 
urine from normal controls did not cause ovarian development v i 
injected alone or in combination with the sjmergic factor. 
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Since the synergic principle from the hypophysis has such a pro- 
nounced effect on the ovaries when combined with prolan it was of 
interest to see if there was a similar effect on the seminal vesicles. 

TABLE V 


Response of the Immature Male Rat to a Combination of the Synergic Principle from 
the Hypophysis with Prolan frojn Pregnancy Urine 


Material iDjected 

Injected 3 daj*s, 
sacrificed 5th day, R1989 

Injected 11 days, 
sacrifice 1 2th day, R2276 

Injected 19 days, 
sacrifice 20th day, R2658 

Dose 

Wei^jht 

of 

seminal 

1 vesicles 

Weight 

of 

testes 

Dose 

Weight 

I of 
seminal 
vesicles 

I 

Weight 

of 

testes 

Dose 

Weight 

of 

seminal 

vesicles 

Weight 

of 

testes 


mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

Prolan 


33 

471 

no 

85 

610 

ISI 

125 

900 

Synergic principle 


7 

267 ; 

11 

7 

395 

mm 

26 

805 

Prolan plus synergic 

m 

49 

535 


119 

749 

■1 

372 

1362 

principle 










(Controls) 

■ 

(8) 

(308) 


(6) 

(498) 

■ 

(13) 

(483) 


TABLE VI 

Response of the Immature Male Rat to a Combination of the Synergic Principle from 
the Hypophysis with Prolan-Likc Substances from Huma^i Sources 
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This was found to be the case: The s^mergic principle itself had little 
or no effect, but in combination with pregnane}* prolan it caused a 
definite increase in the development of the seminal vesicles (Tabic Vj. 
These results also indicate that the 10 day test is adequate for the 
attainment of significant values. 
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PROLAN AND PROLAN-LIKE SUBSTANCES 


The action of prolan-like substances from various sources on the 
testes and seminal vesicles is shown in Table VI and also in Tables 
II and III. It is perhaps significant that all of the non-primate 
sources, shown to contain a prolan-like substance as evidenced by the 
activation phenomenon with immature females, were uniform in their 
lack of effect on the testes and seminal vesicles. Normal male urine 
conformed to the above classification. 

SUMMARY 

The synergism phenomenon has made possible the recognition of 
substances, which we have called “prolan-like,” in a wide variety of 
conditions. Indeed, it has been possible to demonstrate a prolan-like 
material in the urine of normal men. 

The method has shown a wide distribution of prolan-like substances 
in sera and urines of non-primates without demonstrating, however, 
significant difference in the reactions secured from pregnant as con- 
trasted with non-pregnant states, or in males as contrasted with females. 

The synergism phenomenon with pregnancy prolan can also be 
shown in the increased development of the seminal vesicles of im- 
mature male rats. However, such males cannot be advantageously 
employed in the detection of prolan-like gonadotropic substances 
occurring in the blood and urine in conditions other than pregnancy, 
for the prolan-like substances usually do not effect appreciable develop- 
ment of the seminal vesicles. 
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CONCENTRATION OF THE GONADOTROPIC HORMONE IN 
PREGNANT MARE'S SERUM* 
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IVIIRIAJM E. SEMPSON, AI.D. 

(From the Laboratories of The Rockefeller Institute for Medical Research, New York, 
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(Received for publication, June 28, 1933) 

In 1930, Cole and Hart (1) discovered the presence of a gonadotropic hormone 
in the blood stream of mares in early pregnanc>". It was detected almost simul- 
taneously b}^ Zondek (2). Cole and Hart established the following facts. The 
hormone is present in the period beginning at 37 days after the fertilizing coitus 
and lasts until approximately the 175th day but the presence of verv' appreciable 
amoimts of it is limited to the period between 43 and 80 da\’s. The period of 
greatest concentration occurs apparently somewhere in the interval between the 
50th and 65th day and the native unaltered serum drawn from the mare’s jugular 
vein at this time is capable of exerting clear gonadotropic effects in immature (21- 
26 day old) female rats or mice vlthin a hundred hours foUo^ning sLx doses of 0.005 
cc. These investigators and others associated with them have continued study 
of the ver)' interesting hormonal and tissue changes in pregnant mares and in the 
horse fetus (3^7). They have sho\vn that during the period of high concentra- 
tion of gonadotropic hormone in the mare’s blood stream, its o\’aries exhibit the 
formation de novo of many corpora lutea, an unique phenomenon; and that in the 
period immediately subsequent thereto, the fetal gonads exhibit an astonishing 
h>'pertrophy caused by the massive appearance there of interstitial cells. 

It is apparent that equine hormonal and tissue conditions are fully 
as remarkable as those \Yhich characterize primates (with the Asch- 
heim-Zondek reaction of pregnancy blood and urine) and that further 
inquir}' here will be well repaid. Evans, Meyer and Simpson (S) in- 
cluded the hormone from the mare's blood in their comparative study 
of gonad-stimulating substances from the h}'poph\'5is and other 

• Aided by grants from the Rockefeller Foundation and from the Committee 
for Research in Problems of Sex of the National Research Council- \Vc desire 
to thank Eli Lilly and Company of Indianapolis ^Yho generously supplied a por- 
tion of the acetone-dried scrum from pregnant marcs used in this research. 
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gonadotropic potency. Cole and Hart (1) found the maximum ova- 
rian response in rats followed 6 injections of 0.2 cc. of serum from a 
mare 78 days pregnant, autopsy being performed 96 hours after the 
first injection. Increasing the dose to 0.5 cc. showed no further in- 
crease in effect, while as has been mentioned, as little as 6 injections 
of 0.005 cc. of crude serum produced ovarian effects which could be 
detected by histological section. 

Goss and Cole (5) attempted to concentrate the active principle by fractional 
precipitation of the serum with salts. They found that the fraction predpitable 
between the concentrations 20 and 27 per cent sodium sulfate contained the greater 
part of the activity while only 11 per cent of the serum protein was found in this 
fraction. Evans, Meyer and Simpson (8) prepared acetone-ammonia extracts 
from the acetone-dried serum and precipitated solutions of these acetone-ammonia 
extracts with flavianic acid. These procedures gave potent materiab still con- 
taminated by inactive serum protein. 

With the hope of finding a better method of attack on the problem 
of the isolation of the active agent we have made a comprehensive 
study of the behavior of the hormone towards a number of adsorbents 
following the technique which has yielded conspicuous success in the 
purification of enz>mes by Willstatter and his school. This study 
has showTi that aluminum hydroxide preparations are excellent ad- 
sorbents for the gonadotropic substance found in the serum of the 
pregnant mare. 

^\^len aqueous solutions of the acetone-dried proteins of pregnant 
mare’s serum wxre adjusted to pH 3.5 and treated with suspensions 
of aluminum hydroxide (Willstatter Type A and T3’pe B) (9) it was 
found that the active substance was readily adsorbed on the surface 
of the aluminum hydro.xide. In this wa^’' it has been possible to sepa- 
rate the active agent from a large part of the inactive protein material. 
Subsequent w’ashing of the aluminum hj^droxide on which the hormone 
had been adsorbed, using acetate buffer at pH 3.5 or water, removed 
practical!}" none of the active material. The elution of the active sub- 
stance was, how’ever, easily accomplished by dilute ammonia or by 
converting the aluminum hydroxide into the basic phosphate with 
disodium phosphate solution in the usual manner. IIic active solutions 
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0.012 mg.) At the end of 10 days the testes weighed 1516 mg. and the 
seminal vesicles 200 mg. (the control organs weighed respectively 495 
mg. and 8 mg.). After 30 daily injections the testes weighed 2620 mg. 
and the seminal vesicles weighed 979 mg. (control organs weighed 
1155 mg. and 13 mg. respectively). Histologically it was found that 
after 10 daily injections the testicular tubules were alread)’^ noticeably 
increased in diameter and that there was a marked increase in inter- 
stitial tissue. After 30 days the tubules were even larger, the spaces 
between tubules were densely packed with interstitial tissue and 
spermatozoa were found in the lumen of the tubules. 

SUMMARY 

The gonadotropic hormone of the blood of the pregnant mare has 
been greatly concentrated by adsorption on active aluminum hydro.x- 
ide followed by elution. The preparations so obtained gave demon- 
strable gonadotropic effects within 100 hours in 21 day old female 
mice following three subcutaneous injections of 0.001 mg. in 1 cc. of 
physiological saline. 

As is well known, other gonadotropic substances do not cause con- 
spicuous development of the male gonads but injections of compara- 
tively large doses of these preparations into immature male rats caused 
marked development of the testes, which in 10 days were trebled m 
weight. An astonishing increase in the weight of the seminal vesicles 
resulted, for these organs were approximately 75 times heavier than 
in controls. 
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THE CULTIVATION OF MONOCYTES IN FLUTD IMEDIUTM 
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(Received for publication July 13, 1933) 

The purpose of the experiments described in this article was to ascer- 
tain the conditions under which monoc3d:es could be cultivated in a 
fluid medium. The plasma coagulum that is customarily used in the 
Carrel technique^ for the cultivation of these cells seriously interferes 
with quantitative measurements of their metabolism. For such stud- 
ies, it would be of great advantage to replace it with a liquid. That 
monocytes can live for a time in fluid has been shown by the work of 
Lewis and Lewis,- and also that of de Haan.^ In the experiments of 
Lewis and Lewis,- the monocytes lived in hanging drops of liquefied 
plasma for 2 to 4 weeks, feeding partly, at least, on the other cells of 
the blood. In de Haan’s experiments,^ they were cultivated for 2 to 
3 weeks in a slowly flovdng stream of peritoneal exudate. De Haan’ 
has already made some measurements of their metabolism under these 
conditions. The fact that his technique requires veiy’' large volumes 
of fluid limits its usefulness to a certain extent, ^Moreover, peritoneal 
exudate does not contain all the ingredients necessary for the pro- 
longed cultivation of monocytes. De Haan^ supplemented its nutri- 
tive properties by the addition of pol>Tnorphonuclear leucocytes from 
time to time. In the experiments described in this article, an effort 
was made to find a means whereby monocytes could be cultivated 

* Carrel, A., J. Exp Mcd.^ 1923, 38, 407. Carrel, r\., and Ebeling, A. IL, J, 
Exp, Med,, 1922, 36, 365; 1926, 44, 2S5. 

-Lewis, M. R., Am. J. Path., 1925, 1, 91. Lewis, M. R., and Lewis, \V. H., 
J. .4 m. Med. 1922, 84, 79S. I^euds, W. II., Ilancy Lectures^ 1925-26, 21, 

77. Lewis, \V. H., .4 rch. exp, ZcUforsch,, 1928, 6, 253. 

^ dc Haan, J., Bull, hisloL, 1927, 4, 293; Arch, exp, Zellforsch, 1928, 6, 276; 
1930-31, 10, 82. de Haan, J., Kolk, K. H., and Gerritsma, 11. , Arch, exp, ZclL 
forsch., 1928, 7, 283; 1929, 8, 452. 
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for a longer time in a small volume of fluid 'without using other cells 
as food. 


Plan of the Experiments 

The experiments of Carrel and Ebeling^ have indicated that mono- 
cytes cultivated in coagulated plasma feed upon the serum rather 
than the fibrin. Yet, up to the present, all attempts to grow them in 
serum without a fibrin substratum have failed. It seemed probable 
that this was due to the fact that in a coagulum acid, and perhaps 
other metabolites, accumulate around the cell colony, thus creating 
the conditions necessary for its survival, while in the absence of a 
coagulum, the products of metabolism are quickly removed from tlie 
vicinity of the cells. 

As early as 1913, Rous^ showed by adding litmus to the medium 
that sarcoma and embryonic tissue embedded in coagulated plasma 
gave rise to enough acid "within a few hours to turn blue litmus red 
in the immediate vicinity of the tissue. This has since been found to 
be true of monocytes. When measured with the glass electrode of 
Macinnes and Dole,® it was found that the pH of the medium imme- 
diately surrounding a piece of chick embryo spleen dropped in lialf 
an hour from 8.0 to 7.2. In 24 hours, it fell to 6.8, and in several 
days to 6.2.® Aside from this acid production, very little is definitely 
known about the changes in the medium surrounding a colony of 
monocytes. 

The problem was approaclied, therefore, by ascertaining first the 
pH at whicli chicken monocytes would survive longest in serum. I or 
this, homologous serum at 25 per cent concentration in Tyrode solu- 
tion was used and adjusted by means of lactic acid to pH values rang- 
ing from 6.0 to 7.8. Then, a comparison was made of the relatne 
value of using lactic acid, h 3 'drochloric acid, and carbon dio.xide for 
regulating the acidity. Finallj^ serum at the optimum pH value was 
modified by the addition of a variety of substances in an attempt 
to find a medium in which the monocytes would live, and to 
reproduce, if possible, the conditions that exist around a colony o 

^ Rous, P., J. Exp. Med., 1913, 18, 183. 

® Jlaclnnes, D., and Dole, M., J. Gen. Physio!., 1929, 12, 805. 

‘ Baker, L. E., unpublished experiments. 
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monocytes embedded in plasma. Glutathione was used because of its 
reducing action, and its role in cell respiration." Proteins hydrolyzed 
to varying degrees by enz3Tnes were tried, because it is known that 
monocytes vdll digest particles of protein which they have ingested,® 
and also because hydrolyzed proteins have been foimd to increase 
enormously the proliferation rate of monocytes^ when incorporated 
in their medium. Particles of denatured protein, coagulated egg white, 
and dead muscle, which monocytes feed upon,® were also used. Vari- 
ous combinations of nucleic acid, hemoglobin, glutathione, and amino 
adds or digested proteins were tried, since they have been found 
beneficial in the building up of a s>Tithetic medium for fibroblasts.^® 

Technique 

For these experiments, the foUovring technique was used. A tiny fragment of 
chick embr>'o spleen or of blood leucoc>'tic film was fastened to the bottom of a 
Carrel D-3 flask b 3 ' means of a drop of 25 per cent plasma. The plasma was 
spread over about 2 sq. cm. of the surface of the flask, and coagulated Tsith a trace 
of tissue juice. 1.5 cc. of experimental fluid was then added. This procedure 
allowed the cells to form a colony instead of scattering throughout the whole 
medium, and made it possible to measure their rate of migration for several da 3 's. 
At the same time, this small coagulum was so ver>' thin that J^e composition of 
the medium wdthin it could not differ appreciably from that of the fluid as a whole. 
After a few days, the original fragment was extirpated from the clot. Later, when 
quite a number of cells had migrated onto the glass, or had been deposited there 
from the fluid, the tiny clot and the cells it contained were also removed. In this 
way, any possible effects of the original tissue and of the coagulum were eliminated. 
From this time on, the entire medium was liquid. 

The changes in hydrogen ion concentration of the medium were followed in each 
culture day b^^ day. In some experiments, this was done b}' removing a drop of 
the medium and testing it on a drop plate with indicators. In other experiments, 
phenol red at a concentration of 0.005 per cent was incorporated in the medium, 
and comparison made with standard flasks containing the same amount of phenol 
red in buffers at known pH \'alues. 

Adjustment of the pH of the medium vAlh lactic or hydrochloric adds was made 
just before adding the fluid to the culture. With COj, it v.-as accomplished by 


"Hopkins, F. G., Biochem, 7., London, 1925, 19, 7S7. 

® Carrel, .A., and Ebcling, A. II., J. Exp. .If <*7., 1926, 44, 285. 

® Baker, L. E., /. Exp. 1953, 57, 6S9. 

Baker, L. E., and Carrel, .A., J. Exp. I92S, 47, 353, Baker, L. E., 

/. Exp, 1929, 49, 163. 
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albumin, and heated muscle were ingested by the cells, as is usual in a 
coagulum,^ but the cells became large, round, dark, and granular, and 
appeared inert. The products of tryptic digestion of protein increased 
the rate of proliferation of the monoc}i:es, as they do in plasma,® but 
were not necessary to their life. The cells became more fatt}’’, and 
larger numbers of them died when the digestion products were added 
to the medium. On the other hand, serum alone appeared to be 
entirely adequate for the nutrition of the monocj’tes. 

Description of Coloyiies CnltivaUd for 2 Months in Serum 

Several colonies of monocytes, both from blood and from spleen, 
have been cultivated now for over 2 months in 25 per cent and also 
in 50 per cent serum (Fig. 2). They are still as active as at the begin- 
ning of the experiment and give every e\ddence from their appearance 
that life and proliferation will continue indefinitely, if the same condi- 
tions of cultivation are maintained- Throughout this time, the me- 
dium was adjusted to an initial pH of 7.4. A gas mixture containing 
3 per cent CO 2 was used with 25 per cent serum, and one containing 5 
per cent CO 2 with 50 per cent serum. New medium was given when 
the pH had fallen to 7.0 or 6.8. In those colonies in which the pH was 
allowed to fall below this value without renewing the medium, the cells 
became larger and more granular (Fig. 3). They also accumulated 
large-T-cfractile globules and showed a tendency to adhere to each other. 
They did not die even when the pH fell to 6.4 or somew’hat below. 
At first, when only a small number of cells w’as present, renew^al of the 
medium once in 4 days was sufficient. Later, new serum was supplied 
every 24 hours. After a time, so many cells accumulated in the flask 
that a portion of them had to be removed to prevent the pH from fall- 
ing below the desired value. 

^lost of the cells adhered firmly to the glass surface of the flask. 
Those that did come loose were deposited on the glass at a distance 
from the colony and started a new colony. The hnuphocytes and 
pol>Tnorphonuclcar leucocytes that were present at the beginning soon 
disappeared, as they do in coagulated plasma. The fibroblasts from 
the spleen grew' out less rapidly than the w’andering cells and were 
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replacing tlie air of the culture flask with a gas mkture containing 21 per cent 
oxygen, sufficient carbon dioxide to give the desired pH value, and nitrogen. 
This method has been used now for some time to adjust the pH of cultures made 
witli coagulated plasma. With tlie fluid cultures, tlie gas was introduced imme- 
diate!}', and contained a higher percentage of carbon dioxide in order to lower the 
pH value to a greater degree. The concentration of carbon dioxide necessary was 
determined, of course, bj' the concentration of serum and other buffering substances 
in the medium, as well as by the pH desired. 

EXPERIMENTAL RESULTS 

Ejfcci of the Hydrogen Ion Concentration. — It was found that the 
monocytes proliferated most rapidly when the initial pH of the medium 
was 7.2 to 7.4. As long as the pH was not allowed to fall below 7.0 or 
6.8, the cells remained dear, active, free from dark granulations, and 
showed no tendency to degenerate (Fig. 1). They remained in 
excellent condition, even after tlie original tissue and the small coagu- 
lum had been removed from tlie flask. 

Effect of Different Acids. — ^Equally good results were obtained uith 
all three acids (lactic, hydrochloric, and carbon dioxide), botli m 
respect to the rate of proliferation and the condition of the cells. 
Adjustment with carbon dioxide was adopted as the routine procedure, 
however, since it does not destroy the buffer action of the medium, 
as the other acids do, and is also more convenient to use. 

Effect of the Concentration of Scrum. — ^Increasing the concentration 
of serum in the medium caused an increase in the rate of proliferation 
of the monocj'tes. In some sera, this continued up to 100 per cent 
concentration. Other sera, however, appeared to be toxic at concen- 
trations above 50 per cent. In 25 per cent serum, multiplication 
was slow, but the cells remained active and relatively clear, wth 
small cytoplasmic structures. In 50 per cent serum, the monocytes 
proliferated more rapidly. They also became larger and contained 
more and larger granules and fat globules. In very high concentra- 
tions of serum, they ultimately deteriorated. 

Effect of Added Metabolites or Nutrients. — None of the metabolites 
or nutritive materials added to the serum improved its value as a cu - 
ture medium for the monocytes. Glutathione, nucleic acid, hemo 
globin, and sodium lactate had no beneficial action at the concentra 
tions tried in these experiments. Particles of egg yolk, denalurcc 
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albumin, and heated muscle were ingested by the cells, as is usual in a 
coagulum,® but the cells became large, round, dark, and granular, and 
appeared inert. The products of tryptic digestion of protein increased 
the rate of proliferation of the monocytes, as they do in plasma,® but 
were not necessary to their life. The cells became more fatty, and 
larger numbers of them died when the digestion products were added 
to the medium. On the other hand, serum alone appeared to be 
entirely adequate for the nutrition of the monocj’tes. 

Description of Colonies Cultivated for 2 Mo7iths in Serum 

Several colonies of monocytes, both from blood and from spleen, 
have been cultivated now for over 2 months in 25 per cent and also 
in 50 per cent serum (Fig. 2). They are stUl as active as at the begin- 
ning of the experiment and give every e\ddence from their appearance 
that life and proliferation will continue indefinitely, if the same condi- 
tions of cultivation are maintained. Throughout this time, the me- 
dium was adjusted to an initial pH of 7.4. A gas mixture containing 
3 per cent CO 2 was used with 25 per cent serum, and one containing 5 
per cent CO 2 with 50 per cent serum. New medium was given when 
the pH had fallen to 7.0 or 6.8. In those colonies in which the pH was 
allowed to fall below this value without renewing the medium, the cells 
became larger and more granular (Fig. 3). They also accumulated 
largerr-cfractile globules and showed a tendency to adhere to each other. 
They did not die even when the pH fell to 6.4 or somewhat below. 
At first, when only a small number of cells was present, renewal of the 
medium once in 4 days was sufBcient. Later, new serum was supplied 
every 24 hours. After a time, so man)’- cells accumulated in the flask 
that a portion of them had to be removed to prevent the pH from fall- 
ing below the desired value. 

Most of the cells adhered firmly to the glass surface of the flask, 
^ose that did come loose were deposited on the glass at a distance 

rom the colony and started a new colony. The lymphocytes and 
^lymorphonuclear leucocytes that were present at the beginning soon 
disappeared, as they do in coagulated plasma. The fibroblasts from 

c spleen grew out less rapidly’- than the wandering cells and were 
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Snhciiltivaiion of Cells Suspended in the Fluid 

Though the great majority of monocytes adhered firmly to the glass, 
a few of them were usually to be found in the fluid when it was 
removed. That these cells were alive and in good condition was 
shown by cultivating them again in a coagulum. The fluid was 
centrifuged and the fevr cells it contained were taken up in a drop of 
plasma containing some embrj’'onic Juice. This was transferred to a 
new flask and allowed to coagulate. Enough dilute plasma weis then 
added to cover the rest of the surface of the flask, and the pH was 
brought down immediately to 7.2 with carbon dioxide. After a few 
days, the cells migrated into the outer coagulum. Fig. 4 shows cells 
cultivated in this way after 12 days’ sojourn in fluid medium. 

DISCUSSION 

In the experiments described in this paper, it has been shown that 
monocytes can be cultivated in pure strain in a fluid medium. Serum 
diluted with Tyrode solution supplied all the necessary food material. 
At the end of 2 months’ cultivation, the cells were stiU in excellent 
condition, multipl)ing rapidly, and giving every indication that they 
wuuld continue to proliferate indefinitely under the same conditions. 
Cultivation in dilute senim without a coagulum was made possible 
by immediately reducing the pH of the medium to 7.4 or 7.2, and not 
allowing it to fall below 7.0 or 6,8 during incubation. Monocytes 
embedded in a coagulum at a higher pH value sur\dve only because 
their combined metabolism lowers the pH around them to this value 
or a low’er one. The cells die in a fluid in which it is not possible for 
them to low*er the pH to a sufiScient extent. It seems probable that 
the monocjtes cultivated in the hanging drop cultures of Lewis and 
Lewis- lived because the conditions of those experiments either did 
Bot permit so much loss of COj from the medium as takes place in the 
Carrel flasks, or because the number of cells present was great enough 
to reduce the pH of the single drop of medium to a value that permitted 
their survival. De Haan^ does not lay ver^’’ great stress on the h}' dro- 
gen ion concentration required for cultivation of monocytes in his flow'- 
mg medium. In some e.xperiments, he saturated the fluid with 7 per 
cent COj. In others, the original pH value of the medium w'as 8.0. 
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He states, however, that the pH in the chambers containing the cells 
varied from 7.2 to 6.8. This agrees well with the present experiments. 
Even if the original pH was 8.0, a large number of cells in a small 
chamber could reduce it to 7.2, especially if it were not well buf- 
fered. Cultivation in Carrel flasks at higher pH values than tliose 
used in these experiments might be successful, if enough cells were 
present to lower the pH quickly, or if the medium had a smaller buffer 
value. In this case, new serum would have to be supplied more often. 

In the first days of cultivation, the monocytes undoubtedly fed to 
some extent on the other cells present. However, cultivation was 
continued so long after the lymphocytes and polymorphonuclear leuco- 
cytes disappeared that it was evident that these other cells are not 
needed for food if fresh serum is supplied fairly often. MoreoA^er, 
monocytes transferred to a new flask, after a pure strain had been 
obtained, continued to proliferate in serum without any other food 
material. 

No attempt has been made as yet to cultivate isolated or even a 
very small number of cells under these conditions. It is quite possible 
that single cells would require still different conditions from those 
described here. 


SUMMARY 

Monocytes from blood and from spleen have been cultivated m 
fluid medium in Carrel flasks for over 2 months. Diluted serum sup- 
plied all the essential nutritive substances. Cultivation in fluid was 
made possible by adjusting the initial pH of the fluid to 7.4, and not 
allowing it to fall below 7.0 or 6.8. The cells remained in good condi- 
tion wdien the pH was adjusted with either lactic acid, hydrocliloric 
acid, or carbon dioxide. Adjustment with carbon dioxide was found 
to be more convenient and also more practical, since it docs not 
destroy the buffer action of the medium. After 2 months of cultiva- 
tion, the monocytes w'ere in excellent condition and still prolifcratec 
actively. They gave every indication that indefinite multiplication 
could be maintained under the conditions of these experiments. It 
hoped that this method of cultivation, with some modifications, m 
prove useful in studying the metabolism of these cells. 
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EXPLANATION OF PLATE 29 

Fig. 1. Monoc}"tes from chick embr >'0 spleen cultivated in 25 per cent serum 
for 30 days. The medixim was adjusted initially to pH 7.4 with carbon dioxide, 
and not allowed to fall below 7.0 during cultivation. X230. 

Fig. 2. Monoc>i:es from chick embiy'o spleen cultivated in 50 per cent serum 
for 64 days. The pH fell below 6.8 several times during cultivation. X230. 

Fig. 3. Monoc>i;es from chick embiy^o spleen cultivated in 50 per cent serum 
for 2 months. So many cells were present that the pH fell repeatedly below 6.8 
during 24 hours' incubation. Consequently, the cells are loaded with granulations 
and show a tendency to agglutinate. X 230. 

Fig. 4. Monocj^tes obtained from the fluid of a culture, which had been 12 days 
in liquid medium, now being cultivated in a coagulum. X230. 
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THE PRODUCTION IN DOGS OF CHRONIC BLACK TONGUE 

WTTH ANE^HA 

By C. P. RHOADS, M.D., and D. K. JNIILLER, ^I.D. 

{From tJie Hospital of The Rockefeller Institute for Medical Research) 

Plates 30 to 32 

(Received for publication, July 14, 1933) 

Glossitis, stomatitis, and gastrointestinal disturbances are out- 
standing features of three diseases of human beings: pellagra, sprue, 
and pernicious anemia. The same triad of sjunptoms characterizes 
an acute, spontaneous or experimental disease of dogs, known as black 
tongue. Experimental evidence indicates that pellagra in human 
beings and black tongue in dogs can be produced by diets lacking in a 
particular accessory food factor, and can be successfully treated b}' 
supplying that factor. These facts established the s}Tnptomatic 
similarity between the two conditions on the basis of a like etioIog>^ 
The demonstration by Castle and Rhoads^ that the same accessory 
food factor, \atamin or G, is effective therapeutically in sprue, and 
by Strauss and Castle^ that it forms a part of a complex therapeutic 
agent capable of effecting remissions in pernicious anemia, has sug- 
gested that lack of that factor may play a role in the etiology of both 
conditions. Proof of this h>^othesis required the production in 
animals of a disease condition more like sprue and pernidous anemia 
than was acute black tongue of dogs. If in addition to the oral and 
intestinal symptoms which are so striking in that disease the features 
of chronicity and anemia of a characteristic t}7)e were added, an ex- 
perimental syndrome would be established s3'mptomatically like sprue 
and pernidous anemia in man. Accordingly the production of 
chronic recurrent black tongue in dogs, vdth a study of the assodated 
alterations of the blood, was undertaken. The results obtained arc 
presented in this communication. 

^ Castle, \V. B., and Rhoads, C. P., Lojicct, 1932, 1, 1198. 

• Strauss, M. B., and Castle, \V. B., Lancet, 1932, 2, 111. 
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A rather compreliensive literature exists concerning black tongue in dogs. 
In 1907 Chittenden^ observed that dogs deprived of meat and milk fell ill with tlie 
salivation, stomatitis, and diarrhea now recognized as being so characteristic of 
that condition. The disease picture was similar to one called Stuttgart disease 
which had been described as occurring spontaneous^ in Europe. In the southern 
states of North America it was known as black tongue. In 1917, with Underhill, 
Chittenden^ produced a patliological condition marked by salivation, stomatitis, 
and diarrhea, by feeding dogs a diet composed of boiled peas, cracker meal, and 
cottonseed oil. It was considered to be similar in all respects to spontaneous black 
tongue. 

The most numerous and detailed experiments dealing with tins condition are 
those of Goldberger and his coworkers.®"^® These experiments may be epitomized 
as follows: By the use of a diet composed principally of white corn-meal plus dry 
peas, casein, cod liver oil, cottonseed oil, and a salt mixture, an acute illness of 
dogs could be produced in a period of from 4 to 10 weeks. This illness was of 
brief duration and was marked by stomatitis, salivation, diarrhea, and a fatal 
outcome. It was ver}^ much like the disease produced by previous workers, and 
was supposed to be experimentally produced black tongue. Untreated animals 
rarely survived more than a few da 3 ^s. Dermatitis and elevation of temperature 
were frequently observed. Denton^^ studied the histopathological changes in the 
tissues of the dogs d^dng of black tongue in the course of the experiments carried 
out by Goldberger. The findings were compared with tliose in human pellagra 
and were considered to be very similar. From the s 3 ’'mptomatic and patliological 
resemblance, black tongue was considered to be pellagra in dogs. Accordingly a 
long and detailed series of experiments was performed to ascertain whetlier the 
experimental condition in the dog could be prevented and relieved b 3 ’' tliose foods 
which appeared to be of proph 3 dactic and therapeutic value in pellagra. A re- 
markable parallelism was demonstrated. 

® Chittenden, R. H,, The nutrition of man. New York, F. A. Stokes Co., 1907. 

^ Chittenden, R. H., and Underhill, F. P., /. PhysioL^ 1917, 44, 13. 

® Goldberger, J., and Wheeler, G. A., Bull. Eyg. Lab., U. S. P. H. S., No. 120, 
1920, 7. 

G Wheeler, G. A., Goldberger, J., and Blackstock, JI. R., Fnb. Health Rep., U.S. 
P. H. S., 1922, 37, 1063. 

^ Goldberger, J., Wheeler, G. A., Lillie, R. D., and Rogers, L. M., Pi'h. Heal- 
Rep., U. S. P. 11. S., 1926, 41, 297. 

® Goldberger, J., and WOieeler, G. A., Pub. Health Rep., U. S. P. H. S., 19- » 
43, 172. 

3 Goldberger, J., Wheeler, G. A., LUlic, R. D., and Rogers, L. M., 

Rep., U. S. P. 11. S., 1928, 43, 657. 

“ Goldberger J., feeler, G. A., LiUie, R. D., and Rogers, L. M., Pi‘f>- 
Rep., U. S. P. 11. S., 1928, 43, 1385. 

“ Denton, J., Am. J. Path., 1928, 4, 341. 
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A study was then made of the factors present in the foods shown to have proph}’-- 
lactic and therapeutic value and which were absent in the diet fed the animals. 
Investigation of the vitamin content of foods as far as known at that time threw 
suspicion on that factor known as water-soluble vitamin B. Experiment showed, 
however, that if materials known to be rich in vitamin B were heated to 120°C. for 
1 hour the black tongue-preventing factor was still present. The heat treatment 
was sufficient to destroy the antineuritic power of the vitamin B complex. 

This evidence indicated the presence in the effective material of a new factor 
named by Goldberger vitamin PP or “pellagra-preventing.” This was found to 
be a factor necessary for the maintenance of growth and the prevention of dermati- 
tis in yoimg rats maintained on an otherwise basal ration. It was varioush* termed 
vitamin B 2 or G by other investigators. Yeast was found to be an excellent 
source of this accessor 3 ’' food substance. Finally', the feeding to hxxman volunteers 
of a diet somewhat similar to that given the dogs resulted in the production of the 
S}Tnptoms of pellagra. 

Wheeler,^ in reviewing the subject, concluded that black tongue and pellagra 
were one and the same disease on account of their seasonal and geographical inci- 
dence, their common cause and similar course, their identical pathological changes, 
and their equal response to the same therapeutic and preventive measures. 

Shortly after the publications of Goldberger and his colleagues, the subject of 
the etiolog>^ of black tongue was reopened by Underbill and iMendel.^ They fed 
to dogs a diet similar to that used in their experiments already discussed. The 
principal ingredients were cracker meal, peas, and cottonseed oil. An acute disease 
marked by salivation, stomatitis, and diarrhea was produced, and the therapeutic 
effect of a variety of materials was tested. They concluded that butter and milk 
were effective both therapeutically and proph^'lactically, but that yeast was th- 
ou t potenc>\ Furthermore, they felt that the anti-black tongue effect of butter 
and milk was subject to a seasonal variation, and that it depended upon the 
content of carotin. Finally, cr>"stalline carotin was used to supplement the diet 
fed, and was sho\NTi to be effective in preventing and curing the experimental dis- 
ease. The diet employed by this group of workers was so simple and so generally 
deficient that it is most difficult to analyze it in respect to any particular ingredient 
which might be lacking. The discrepanc>' between the results obtained by the two 
groups of investigators has never been satisfactorily explained. Neither group, 
however, apparently considered the similarity of the experimental disease to sprue 
and to pernicious anemia, and neither studied the associated blood changes. 
Furthermore, no animals are described in which a chronic pathological state was 
induced, 

A third h>'potlicsis concerning the etiology of pellagra and black tongue has been 
adN-anced by Bliss.^^ In a general sur\'cy of the diets eaten in regions where 

Wheeler, G. A., J. A r;;. IV/. .Ur J. Assu., 1930, 77, 62. 

” Underhill, F. P., and Mendel, L, B., Av:. J. Physiol. ^ I927-2S, 83, 5S9. 

Bliss, S., SciaKCy 1950, 72, 577. 
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A study vras then made of the factors present in the foods shown to have prophy- 
lactic and therapeutic value and which were absent in the diet fed the animals. 
Investigation of the vitamin content of foods as far as known at that time threw 
suspicion on that factor known as water-soluble vitamin B. Experiment showed, 
however, that if materials known to be rich in vitamin B were heated to 120"C. for 
1 hour the black tongue-preventing factor was still present. The heat treatment 
was sufficient to destroy the antineuritic power of the vitamin B complex. 

This evidence indicated the presence in the effective material of a new factor 
named by Goldberger ^dtamin PP or “pellagra-preventing.” This was foimd to 
be a factor necessary for the maintenance of growth and the prevention of dermati- 
tis in young rats maintained on an otherwise basal ration. It was variously termed 
vitamin B 2 or G by other investigators. Yeast was found to be an excellent 
source of this accessorj^ food substance. Finally, the feeding to human volunteers 
of a diet somewhat similar to that given the dogs resulted in the production of the 
symptoms of pellagra. 

AMieeler,^ in reviewing the subject, concluded that black tongue and pellagra 
were one and the same disease on account of their seasonal and geographical inci- 
dence, their common cause and similar course, their identical pathological changes, 
and their equal response to the same therapeutic and preventive measures. 

Shortly after the publications of Goldberger and his colleagues, the subject of 
the etiologj’’ of black tongue was reopened by Underhill and Mendel.^ They fed 
to dogs a diet similar to that used in their e.xperiments already discussed. The 
principal ingredients were cracker meal, peas, and cottonseed oil. An acute disease 
marked by salivation, stomatitis, and diarrhea was produced, and the therapeutic 
effect of a variety of materials was tested. They concluded that butter and milk 
were effective both therapeutically and prophylactically, but that yeast was with- 
out potenc>'. Furthermore, they felt that the anti-black tongue effect of butter 
and milk was subj'ect to a seasonal v'ariation, and that it depended upon the 
content of carotin. Finally, cr>-stalline carotin was used to supplement the diet 
fed, and was shown to be effective in preventing and curing the experimental dis- 
ease. The diet employed by this group of workers was so simple and so generallv 
deficient that it is most difficult to analyze it in respect to am* particular ingredient 
which might be lacking. The discrepanc}' between the results obtained by the two 
groups of investigators has never been satisfactorily explained. Xeither group 
however, apparently considered the similarity of the experimental disease to sprue 
and to permcious anemia, and neither studied the associated blood changes 
Furthermore, no animals arc described in which a chronic pathological state was 
induced. 

A third h\ 7 )othesis concerning the etiology of pellagra and black tongue has been 
ad\-anced by Bliss.^* In a general survey of the diets eaten in regions where 

WTieclcr, G. A., /. Am. Vet. }fcd. Ass7:., 1950, 77. 62. 

Underhill, F. P., and Mendel, L. B., Am. J. Physiol.^ 1927-2S 83 "S9 

** Bliss, S., 1930, 72, 577. ^ * 
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pellagra is prevalent, he concludes that the}" are deficient in iron content. En- 
couraging results are reported to follow the administration of iron in pellagra and 
in canine black tongue. From these facts, he evolved tlie hypotliesis tliat hotli the 
canine and the human disease are manifestations of a dietar}’’ iron deficiency. In 
a personal communication, Bliss states that the hypotliesis still remains neitlicr 
proven nor disproven. 

Stucky and Brand^^ reported experiments on rats in which symptoms of vitamin 
Bs G deficiency appeared in spite of a diet containing an amount of iron sufficient 
to allow hemoglobin regeneration in young, anemic animals. 

Methods 

Dogs of good size, and of mongrel breed, largely short haired in type, were 
employed. The animals were kept under uniform conditions, in individual cages, 
with bedding of shavings. No special care was taken to avoid coprophagy. The 
diet was composed of the following ingredients: white corn-meal, 6000 gm.; Cal- 
ifornia black eyed peas, 750 gm.; casein (leaclied — Casein Compam- of America), 
900 gm.; cod liver oil, 225 cc.; cottonseed oil, 450 cc.; rice polishings, 600 gm.; 
calcium carbonate, 450 gm.; NaCl, 150 gm. 

The corn-meal, peas, and casein were mixed and cooked for 2 hours in a steam 
cooker. The remaining ingredients were then added and thoroughly mixed. 
The dogs were fed daily and were allowed to eat as much as they chose. 

The animals were weighed at weekly intervals, and blood was taken from the 
jugular vein in a standard amount of potassium oxalate for routine examinations. 
Counts were done more frequentl}" when tlie condition of tlic animal seemed to 
warrant. Determinations of the numbers of erythrocytes and leukocytes were 
made in standard pipettes and counting chambers. The hemoglobin was esti- 
mated by the Sahli method with a glass standard. The Sahli tubes were carefully 
calibrated and checked at frequent intervals by the 02 'Combining capacity nictliod 
of Van Slyke.^® The mean corpuscular volume was ascertained b}' tlie mctliod of 
Wintrobe.^^ Smears of the blood were made on plain cover-slips and those cov- 
ered with dried brilliant cresyl blue for the staining of reticulocytes. 

In treatment, 200 gm. of raw lean beef were fed dail\^ if the animal would eat. B 
not, a rice polishings concentrate prepared according to the method described b> 
Evans and Lepovsk}*^^ was administered by stomach tube. Occasionalb ^ 
brewers’ yeast concentrate (Harris) was given. Successful therapeutic results 
were so difficult to obtain when the disease was at its height that it was often 
impossible to confine the treatment to some simple material. 

Stucky, C. J., and Brand, E., Proc. Soc. Exp. Biol, and Med., 1933, 30,^ 1-104. 

Peters, J, P., and \'an Slyke, D. D., Quantitative clinical cliemistry, Volume 
II, Methods, Baltimore, The WiUiams Sr Wilkins Co., 1932, 337. 

Wintrobe, M. M., /. Lab. and Clin. Med., 1931-32, 17, 899. 

Evans, H. M., and Lepovsky, S., J. Nutrilion, 1931, 3, 353. 
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Prints of the dorsal surface of the tongue were made by apphdng a thin la3'er 
of ink vrith an ordinar>’ library’ ink pad. Squares of soft paper were then lightly 
applied to the lingual surface with a rolling motion. With a little practice, excel- 
lent prints could be obtained. In the dogs a general anesthetic was usually em- 
ployed. 

General Results 

Early experiments based on the feeding of the diet described, with- 
out the addition of rice polishings, were unsatisfactory since death 
usually occurred before blood changes could be demonstrated. 
Even with the addition of rice polishings, a substance extremely rich 
in vitamin Bi and containing a certain amount of vitamin B 2 G (Evans 
and Lepovsky^), the incidence of acute, fatal disease was high. 
There appeared to be a striking variation in the ability of the in- 
dhddual animal to maintain life on the diet. 

In a certain number of instances, however, a chronic disease de- 
veloped in which w^eU defined anemia was a feature, associated with a 
characteristic S3anptomatology. The averages presented in this pub- 
lication are based on the findings in 10 dogs. Animals d 3 dng of inter- 
current disease or from acute black tongue are not included. For the 
sake of simplicity onl}’’ those protocols are presented which are fairly 
typical of the experimental disease. 

In general the diet was well taken. Control animals which were 
given 4 gm. daily of liver extract (Eli Lilly and Company No. 343) 
ate no more than the dogs maintained on the unsupplemented diet, 
and remained in perfect health. 

Animals "which ate sparingly also failed to develop the disease 
under investigation, but usually died of intercurrent infections. It 
seemed clear that whatever symptoms developed were due to the 
absence of an accessor^"" food factor in the diet and not to lack of salts, 
metallic elements, particular proteins, or caloric intake. 

Symptomatology 

Certain sjTnptoms, which have not been described as occurring in 
ordmaiy acute black tongue, were manifested by the animals which 
de\ eloped the chronic recurrent disease. These s^miptoms will be 
dcscnbed in detail, since upon their presence depends the similarity of 
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^'’cre at tlieir height was fh ^ * Onl}'* when the salivation and stomatitis 

periods of several dayr^voni? ' time, however, 

diarrhea was variable in cha ^Pse during which little food was taken. The 

profuse, water}’, and brown Inuring an acute exacerbation, it was usually 

running a more protrarforl Blood was frequently passed. In animals 

Piotraclcd course, pen'ods of several daj, during which the s.ools 
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were semisolid to liquid, yellow in color, and voluminous would alternate with 
periods in which normal stools were passed. Cultures of the diarrheal stools on 
Sabouraud^s medium gave growths of yeast-like organisms in about 10 per cent of 
the attempts. Control animals never showed such organisms. No attempt w’as 
made to identify and classify the type of yeast obtained. 

Loss of weight was a striking feature. This again is rarely encountered in 
studjdng acute black tongue. The average loss was about 20 per cent of the 
original weight. That this loss w’as due to some specific deficit in the diet is shown, 
as previously mentioned, by the fact that control animals eating the same diet 
supplemented b}’’ 4 gm. daily of liver extract No. 343 maintained their original 
weight throughout the experiment. 

The Anemia 

The average ma ximum variation in blood values obser\’ed in the 
dogs reported are presented in Table I. During the control period 


TABLE I 

The Average Maximum Variations in Blood Values of 10 Dogs ‘ivith Chronic Black 

Tongue and Anemia 



1 

Normal 

Lotv point 
of anemia 

Difi'erenoe 

Per cent 
difference 

Average red cell count 

6,440,000 

3,100,000 

3,340,000 

53 

‘‘ hemoglobin, per cent 

87. 7 

56.4 

31.3 

35.6 

“ color index 

“ mean corpuscular volume, cuhic 

0.685 

0.91 

22.5 

34.5 

microns 

60.2 

83.1 

j 

22.9 

33.6 


before the diet feeding was begun, the average red cell count was 
6,440,000 and the average hemoglobin level, 87.7 per cent. At the 
low point of the anemia, the average crythroc^Te count was 3,100,000, 
and the average hemoglobin level, 56.4 per cent. There w'as an aver- 
age decrease in erj^throcytes of 3,340,000, and in hemoglobin of 31.3 
per cent. There was in addition an average maximum increase in 
color index of 22.5 points, and in mean corpuscular volume of 22.9 
cubic microns. From the figures it is apparent that the average 
maximum decrease in numbers of er}Throc 3 Tes was greater than the 
average decrease in hemoglobin and was associated with an increa«Je 
in both color index and mean co^uscular volume. These findings 
arc characteristic of the macrocytic anemias of sprue and pemidou^: 
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anemia in man. It should be remembered that the variations in blood 
values discussed were maximum and that tliey were not present 
throughout the period during wliich the animals were under observa- 
tion. There was a striking tendency to spontaneous remissions and 
exacerbations of the anemia. There was at no time a marked increase 
in the pigment content of the plasma. In a few cases in which blood 
and plasma volume determinations were done by the vital red method 
of Rowntree no considerable variations were encountered. Fluctua- 



tions in the numbers of leukocytes ■udll be described in another com 
munication. Examinations of the blood of control animals kept un er 
similar conditions failed to show significant variations from norma 
levels. 

PROTOCOLS 

Do^ 1. — ^Terrier-hound cross. Text-fig. 1. 3-22-32. Weiglit 10.3 

R. B. C. 5,540,000. Experimental diet feeding begun. Gastric anal>sis s o ^ 
free hydrochloric add in all samples. 4-21-32. Weight 10.9 kilos, 

5,500,000. Salivation was present with mild generalized injection o 
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mucosa, anorexia, and atrophy with redness of the lateral borders of the tongue. 
Copious watery diarrhea was present. 400 gm. of meat were fed. 4-25-32. 
Weight 10.3 kilos. R. B. C. 5,930,000. Recovery’ followed. 5-21-32. Weight 
11 kilos. R. B. C. 4,700,000. Diarrhea, salivation, and mild generalized injection 
of the buccal mucous membrane were present. The stools were voluminous and 
yellow in color. Fluids were given intravenously and intraperitoneally with 100 cc. 
of alcoholic extract of rice polishings. Improvement occurred in 4 days, 6-7-32. 
Weight 10 kilos. R. B. C. 5,000,000. Active stomatitis with the formation of a 
thin necrotic membrane was present. Salivation and diarrhea were copious, with 
marked redness and atrophy of the lateral borders of the tongue. Ph^’siological 
saline solution was a dmi nistered intravenously and intraperitoneally. Rice polish- 
ings concentrate was given oraUy. Improvement followed in 4 daj’s. 7-7-32. 
Weight 8.7 kilos. R. B. C. 4,900,000. Fourth attack, with marked, generalized 
stomatitis, great salivation, and active, yellow diarrhea. Marked atrophy of the 
tongue was present. The administration of physiological saline solution intra- 
venously, and of rice polishings extract orally, was followed by improvement in 
6 days. 

After this attack there was a sharp fall in the blood values to a low erA’throcyte 
count of 3,740,000 cells per c.mm. The color inde.x was somewhat greater than 
normal, and there was a sh'ght increase in the mean corpuscular volume. The 
course of the blood changes is sho'^^m in Text-fig. 1. Liver extract (Lilly No. 343) 
prepared for parenteral injection was administered intramuscularly each day for 10 
days without improvement in blood values. 

7-18-32. 100 gm. of raw beef were fed daily in addition to the e.xperimental 
ration. There was a prompt return of the blood values to a high level. 

This animal had four acute attacks of stomatitis and gastrointestinal 
disturbance. Following the last attack anemia developed. No im- 
provement in blood values followed the parenteral injection of liver 
e.xtract but striking improvement followed meat feeding. In the 
interim between acute attacks, the buccal mucous membrane of this 
animal presented a dry, irregular, deep red, granular appearance. A 
variable degree of lingual atrophy was constantly' present with ex- 
acerbations during acute attacks. No decrease in the ability' of the 
stomach to secrete hy'drochloric acid was observ'cd. 

Dog 2, — Great Danc-bull cross. Text-fig. 2. 2-6-32. Weight 20.5 kilos. 
R. B. C. 7,500,000. The c.xperimental diet feeding was begun. Gastric anaivsis 
showed free hydrochloric acid and ferments in all samples. 3-7-32. Wei-^ht 
20.7 kilos. The animal was inactive and sali\*ating mildly. Patchy redden- 
ing of the mucous membrane of the upper lip was present. 3-S-32. Weight 
20 kilos. R. B. C. 5,300,000. E.xtcnsive uniform injection of the buccal and 
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labial mucous membrane had developed, and salivation was marked. Diarrhea 
was active with liquid, brown, watery stools. 3-12-32. Weight 20 kilos. R. B. 
C. 5,700,000. A general diffuse redness of the buccal mucous membrane was 
present with a rather drj’-, granular appearance. Nearly all tlie stools after 3-7-32 
were water}" in consistence and ranged from brown to yellow in color. This con- 
dition persisted until 3-24-32. 3-24-32. Weight 18.9 kilos. R. B. C. 6,000,000. 
The lateral margins of the tongue showed marked atrophy of papillae with a 
striking purplish red color. An illustration of the tongue at this stage is shown in 
Figs. 3 and 8. The mouth and tongue changed very little until 4-2-32. The diar- 
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of the tongue Tvere once more smooth, atrophic, and a fier>' red in color. The 
stools were large, yellow, and semifluid to fluid. From these stools a 3’'east-like 
organism was grown on Sabouraud’s agar. The animal was very weak and listless. 
4-20-32. Weight 15 kilos. R. B. C. 4,500,000. The bright red injection of the 
lingual borders had faded, and new papillae were appearing. The diarrhea was 
much less but still present intermittent!}'. 200 gm. of raw, lean beef were added 
to the diet daily for 10 days. Within a few days the lingual inflammation and 
atrophy had disappeared, the diarrhea had ceased, and the animal gained rapidly 
in health and strength. There was an improvement in the blood levels. From 
this point on there was a steady fall in the number of er}'throc>’tes to a low level of 
just tmder 3,000,000. The changes in the other values are graphically shown in 
Text-fig. 2. 7-5-32. Weight 14 kilos. R. B. C. 3,600,000. The tongue was 
once more atrophic, and presented a bright red coloration of the margins. Diar- 
rhea was intermittent. The stools were bulky, yellow, and fluid to semifluid in 
consistence. Ferric ammonium citrate, 1 gm. daily, was added to the diet. 
The condition of the tongue and gastrointestinal tract persisted unchanged to 
8-10-32, when the animal was found dead. The pathological changes will be 
described elsewhere. 

This animal showed chronic, recurrent, atrophic glossitis and gastro- 
intestinal disturbance for a period of 6 months. As seen from Text- 
fig. 2, there was an anemia of advanced degree which was improved 
by feeding meat, and did not respond to iron administration. The 
pronounced, necrotic mucous membrane lesions so commonly seen in 
acute black tongue were not encountered in this instance. The ex- 
tent and marked character of the lingual lesions may be seen in the 
tongue print, Fig. 5, the photograph, Fig. S, and in the colored 
Fig. 3. There was a marked loss of weight. Despite the striking 
gastrointestinal s}'mptomatolog}’’, there w'as at no time a decrease 
or loss in the ability of the stomach to secrete free hydrochloric acid. 
The bone marrow at autopsy was extremely red and hv'perplastic. 

Dog 3. — Black and tan terrier. Text-fig. 3. 3-9-32. Weight 16.1 kilos. R. 
B. C. 6,700,000. Experimental diet feeding begun. Gastric anah-sis showed free 
hydrochloric acid in all specimens. 4-20-32. Weight 14.S kilos. R. B. C 
3,300,000. The food was refused, and pronounced, water}- diarrhea was present 
Multiple red patches were present on the buccal mucous membrane. The do'»^ was 
fed 200 gm. of raw’ beef daily for 5 daj’s, when the mouth became free from lesions 
and the appetite returned. There w*as an improvement in the blood \’alues* 
5-27-32. Weight 15.1 kilos. R. B. C. 4,440,000. Copious, water}’ diarrhea was 
present. mild, patchy injection of the buccal mucosa had appeared. 5 -.‘ 55.37 
Weight 15.6 kilos. R. B. C. 4,400,000. Marked redness and atrophy of the 




Text-Fig. 
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tongue margins had developed and the papillae had entirely disappeared (Figs. 1, 
2, and 7). A mild diarrhea with bulky yellow stools was present. The dog was 
inactive. This condition continued for 4 weeks. There were variations in the 
intensity of the atrophic glossitis, but at no time did more than a few papillae 
return. Cultures of the stools on Sabouraud^s medium were repeated!}' positive 
for yeast-like organisms. !Meat, 200 gm. dail}', was fed for 4 da3's, with tempo rar}’ 
improvement in blood levels. 6-23“'32. Weight 14.2 kilos. R. B. C. 3,800,000. 
The tongue atrophy had now begun to disappear, and many new papillae were 
present (Fig. 6). The buccal mucous membrane presented a dr}', granular ap- 
pearance. Except for persistent diarrhea the animal was in good condition and 
eating well. 7-5-32. Weight 12.6 kilos. R. B. C. 3,800,000. In the interim 
there was little change. Loose, yellow stook containing yeast were passed nearly 
ever}" day. The tip and borders of the tongue were smooth and a deep pink in 
color. Ferric ammonium citrate was administered, 1 gm. daily, for 2 weeks with- 
out improvement in blood values, glossitis, or gastrointestinal s}'mptoms. There 
was a slow but constant increase in the activit}’ of the s}'mptoms. 7-30-32. 
Weight 11 kilos. R. B. C. 3,500,000. The animal appeared unusually quiet. 
The glossitis was marked. 200 gm. of raw beef were fed daily for 6 days followed 
by striking improvement. The redness of the tongue faded and papillae reap- 
peared. The diarrhea ceased for a few dzys. 8-14-32. Weight 10.7 kilos. 
R. B. C. 3,700,000. The diarrhea began once more, and mild atrophic glossitis 
developed. The s}’mptoms continued until 9-24-32 when meat was again fed and 
the s}TDptom5 disappeared. There was a rise in blood \’alues. 10-10-32. Weight 
14 kilos. R. B. C. 5,850,000. The buccal mucosa again took on the red, dr}', 
granular appearance described preriously. An intermittent diarrhea with bulky 
yellow stools began. The tongue was very red and the papillae were completely 
absent on the tip and borders. Ferric ammonium citrate, 1 gm. daily, was admin- 
istered for 10 days without effect on either s}'mptoms or blood. 10-16-32. Weight 
16 kilos, R. B. C. 5,200,000. The buccal mucous membrane was very injected, 
and a large number of yellow aphthae were present. .Atrophic glossitis vras 
clear-cut. The diarrhea was active, and the stools contained blood, 10-26-32. 
Death occurred. 

This animal, like Dog 2, ran a prolonged, chronic course w'ith pro- 
nounced glossitis, persistent diarrhea, and a marked anemia. As mav 
be seen from Te.xt-fig* 3, the blood showed c\'clcs of macroev'tosis 
relieved by meat feeding. No effect of liver extract (Lilly Xo. 343) 
injected intramuscularly was obser\'cd, nor was iron in large doses 
potent in relieving the s\'mptoms or in bringing about improvement 
in blood values. At no time ^^-as any decrease in the hvdrochloric 
add content of the stomach noted. The femoral bone marrow 
extremely red and h\'pcrplastic. There was a ma.ximum wei^^ht 
of 5.4 kilos. ^ 
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Dog 4 . — Short haired shepherd. Text-fig. 4. 6-14-32. Weight 17 kilos. R. 
B. C. 6,400,000. Experimental feeding was begun. Gastric analysis showed free 
hydrocliloric acid in all samples. The diet was w'ell taken, and no abnormalities 
of the mouth were noted for 8 weeks. As shown in Text-fig. 4, tliere was a pro- 
gressive pronounced drop in the blood values, and a steadily increasing macro- 
C 3 ''tosis. A drj% injected, oral mucous membrane was constantly present. 9-2-32. 
Weight 14 kilos. R. B. C. 2,260,000. The tip and lateral margins of tlie tongue 
were completely atrophic and a brilliant scarlet in color. Diarrhea was present. 
Liver extract No. 343 was injected intravenously and intramuscularly with large 



Text-Fig. 4 


amounts of physiological saline solution. 9-3-32. The animal was prostrate. 
The therapy was repeated, but death ensued on the following daj'. 


This animal, in contrast to the three previously described, shouec 
a maximum of hematological effect and only terminal lingual and gas 
trointestinal sjunptoms. This difference in the clinical course mn^ 
be ascribed to individual variations in the experimental animal. 
treatment was administered until late in the disease. Companson 
the chart of this animal’s course with those of the treated dog= • 
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strikingly the effect of early therapy with material rich in vita min 
B 2 G on the experimental disease. 

There was a maximum weight loss of 3.6 kilos. The bone marrow 
at autopsy was not red and hyperplastic in this instance, a fact in 
keeping with the short course and rapid fall in blood values. There 
was no decrease in the ability of the stomach to secrete hydrochloric 
acid. 



^ogS . — Black shepherd. Text-fig. 5. 1-17-32. Weight 17.9 kilos. R. B. C 

6.000. 000. Experimental diet feeding begun. Free hydrochloric add v:zs present 
in all spcdmens of gastric contents. 3-11-32. Weight 10.2 kilos. R. B. C 

4.100.000. A mild, patchy injection of the buccal mucous membrane was present 
A slow spread of the lesions took place imtil 3-22-32 when they disappeared spon- 
taneously. 3-29-32. Weight 16.4 kilos, R. B. C. 3,200,000. The macroatic 
anemia continued to be present A few patches of redness remained in the 
mouth, and the dog was rather inactive. An intermittent diarrhea had «iet ' 
^*ith soft, bulky, yellow stools. 4-24-32. Weight 14.S kilos. R. B. C. 3 loo (X^ 
In the interim there were a persistent diarrhea and generalized velvety mj^'on of 
the buccal mucous membrane. Atrophy of the tongue margins appeared and 
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increased in intensity. The animal was inactive. Cultures of stools on Sabouraud’s 
agar were repeatedly positive for yeast-like organisms. Autolyzed yeast, 30 gm. 
daily, was given by mouth followed by a prompt amelioration of sj'mptoms and 
improvement in blood values. 

Although this dog was fed the experimental diet for a long period 
after the improvement in blood values shotvn in the cliart, no further 
anemia developed. Death in an attack of acute black tongue ter- 
minated the experiment. The only possible explanation of this se- 



quence of events in the light of present knowledge is tliat a ^ aria c 
individual factor predisposing to anemia is required. This occasion, 
relative independence of oral symptoms and anemia is not uncorn 
monly encountered in dealing with sprue and pernicious 
human beings. There was a maximum ■weight loss of 4 kilos, 
decrease in the acidity of the gastric contents was noted. 


Dog 6 . — Mongrel terrier. Text-fig. 6. 7-26-32. 

S, 380,000. The c.xperimental diet feeding was begun. 9-3 


Weight 15 kilos. 

32. Not weigncfK 
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A diffuse redness of the buccal mucous membrane 'n'as observ^ed for the first time. 
Bulky, semisolid to liquid, yellow stools were passed almost daih% 9-15-32. 
Weight 12.6 kilos. R. B. C. 3,500,000. Profuse yellowish diarrhea was present 
dail}^ in the interim. The tongue showed a ver>" striking redness and marginal 
atrophy. A mild generalized injection of the buccal mucosa was present. Stool 
cultures were repeatedly positive for yeast-like organisms. 10-8-32. Weight 
11.8 kilos. R. B. C. 3,100,000. Some papillae had reappeared on the tongue and 
the redness had largely faded. The diarrhea decreased. Liver extract Xo. 343 
(Lilly) was injected daily in 5 cc. amounts. As seen from the chart no im- 
provement in blood values resulted. 10-18-32. Weight 11.2 kilos. R. B. C. 
2,900,000. The atrophic glossitis and gastrointestinal manifestations were im- 
proved. The administration of reduced iron, 1 gm. daily, for 10 da\'s was begun. 
10-28-32. Weight 11.0 kilos. R, B. C, 2,900,000. Xo improvement of blood 
values had occurred, and iron therapy was discontinued. Atrophy and redness 
of the tongue borders were present with a moderate injection of the buccal mucous 
membrane. 11-1-32. Weight 10.5 kilos. R. B, C. 3,280,000. .Autoclaved 
brewers’ yeast autolysate (Harris) was given, 15 gm. daily for 10 days. .A mild 
reticulocyte rise and improvement in blood values resulted in an erythrocyte count 
of 4,370,000. 

After the routine feeding of the experimental diet was reinstated, this animal 
died in an acute attack of black tongue without marked anemia. 

The course of this animaTs illness is particularly important since 
three methods of therapeusis were employed, and all of the clinical 
manifestations under discussion were present. The lingual atrophy 
and redness were striking and present nearly^ constantly for a long 
period. The diarrhea was yellow, voluminous, and persistent. Cul- 
tures on Sabouraud's agar repeatedly were positive for y^east. There 
was a macrocyTic anemia of marked degree which failed to improve 
upon the administration of iron or of injected liver e.vtract Xo. 343 
(Lilly). A reticulocyte rise, a drop in color index and mean cell 
volume, and a rise in eryThrocyTe numbers and hemoglobin content 
occurred when material rich in xdtamin Bz was fed. During the time 
the animal was under observ^ation, there was a loss of weight of 4.65 
kilos. 


DISCUSSION 

From the Sndings presented, it appears that a chronic recurrent 
disease in dogs was produced by the feeding of a particular diet 
The disease was marked by chronic stomatitis •ndth acute exacerba- 
tions, by salivation, by prolonged and marked atrophic glossitis loss 
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of weight, diarrhea anri ^ • 
moderately severe, bore i SnTupTtt 7”" 
e concurrent symptoniatoloav anH ^ oration and intensit}' of 
cytic in character. Certain factorsInTv''*' 
serve special consideration. experimental disease de- 

The exact etiology of the roT.,iv 

The diet fed was selected because it" remains obscure, 

the cardinal oral S3anptoms dLTed Jt w "" i' 
polishings to rule out the possibili>'< tn supplemented ydth rice 
Vitamin Bi was present This sun I ^ ^ <^eficiency in antineuritic 
small amount of vitamin Bo C undoubtedly contained a 

effect of materials rich in vit'amin B r P^°P/^^^^^tic and therapeutic 
concentrate, and autoclaved yeast wn ' f polishings 

strong argument for the hyno^lw’ Z a 

related substance was thfLJ ^ ^ome closely 

can be employed only in an ^^^t vitamin 

diet fed for its power to cause Titration of the 

carried out; hence an even young rats has not yet been 

absent factor cannot be made^^ statement as to the 

or antineuritic Bi was not at fault 

hver extract powder (Lilly Nn supplemented with 

animals in perfect health. TI ' maintained the 

protein (Cohn^®). Tt is r' i ^aterial is almost free of salts and of 

it appears that the diet cintaLw^''™'' ^ ^*"^0 

and was not deficient in d f’ material which was to.vic per sc 

Carotin in larve dnspc r> ar proteins or in mineral constituents, 

cally etTective nor wac ^ administered was not therapeuti- 

u^aterials cannot brrn ^^ citrate. Lack of these two 

mentation, lack of causative. Pending further e.xpcri- 

conditions w^as strikin under the same e.vperimcntal 

than a constitutinmi ^ ° explanation of this fact is at hand other 

foimity is foun^rn ^ similar lack of uni- 

*’ Cohn ^ uman response to particular dietary dc- 

P-^xILt. T. L., and IVIinot, G. R., y. BtW. Chem., 1930, 87, 

® Guha, B. C., ip 3 j^ 
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ficiencies. Most of the animals eventually died in an attack of acute 
black tongue even when the diet was supplemented with rice polish- 
ings. Great patience was required to obtain a comdncing series of 
animals presenting a more or less chronic disease. 

The criticism may well be advanced that the changes in cell volume 
reported might have been the result of slight changes in tonicity of the 
blood plasma, themselves the result of deh^^dration due to diarrhea. 
That possibility seems unlikely since no consistent correlation be- 
tween diarrhea and change in cell size was observed. Indeed, the 
presence of frequent liquid stools was usually associated with a rise 
in the blood count and a decrease in the average cell size. Further- 
more, loss of water from the intestinal tract should result in an in- 
creased tonicity of plasma and a decrease in cell size, rather than the 
reverse. 

At the outset of the experiment, it was thought possible that a loss 
of the abihty of the stomach to secrete hydrochloric acid would be 
encountered. This only occurred rarely, as a terminal event, and will 
be described elsewhere. Indeed, those animals which ran the most 
chronic course were those which maintained their gastric secretory 
function. 

The changes in the bone marrow of the animals autopsied at the 
height of the anemia were frequently striking and characteristic. The 
histological details will be presented in a subsequent communication. 
It suffices to state here that the femoral marrow was the site of intense 
cellular activity with nearly complete absence of fat and replacement 
by young hematopoietic cells. In many respects this marrow change 
was similar to that seen in severe sprue (Rhoads and Castle^^) and in 
pernicious anemia (Peabody-). There was a change in the e.xtcnt of 
active marrow as compared vdth the femoral marrows of normal dogs 
and of the e-xperimental dogs upon which biopsies were performed be- 
fore the feeding of the e.xpcrimental diet was begun. There vras also 
a change in the cell t>q>e of the active marrow. This was best seen 
by comparing the histology of normal active vertebral marrow which 
was predominantly normoblastic with the pathologically active femo- 


Rhoads, C. P., and Castle, \V. B., Ar:. J. Paik,^ in press. 
- Peabody, F. \V., Am, J. Path,, 1926, 2, 4S7. 
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ral marrow of anemic dogs which was predominantly megaloblastic 
in type. 

A striking fact was the failure to demonstrate an improvement in 
symptoms and blood values following the parenteral administration 
of large doses of liver extract. Three instances of this fact are included 
in the individual protocols. Twelve other trials of parenteral liver 
extract as a therapeutic agent were followed by similar failure. JMore- 
over, the daily administration of that amount of liver extract derived 
from 50.0 gm. of whole liver prepared for parenteral administration 
injected intramuscularly each day failed to prevent the development 
of anemia and glossitis. That this material is specific in relieving 
the symptoms of sprue and pernicious anemia has been conclusively 
shown. Since the oral administration of substances riclr in vitamin 
Ba G did produce improvement in blood values, it would appear that 
the dog utilizes vitamin B as such in hematopoiesis and not as an 
intermediate product of gastric digestion as does the human being. 
Further experiments on this point are in progress. 

No consideration of anemia in the dog should fail to include the 
possibility of infection with Bartonella canis (Kikuth-®). Examina- 
tion of blood smears from the animals included in this report failed to 
reveal Bartonella bodies. That an infection with the organism may be 
latent and still depress the blood values under abnormal conditions is 
quite possible. It can only be stated that in the experiments no evi- 
dence of such an infection was found. 

SUMJW.RY AND CONCLUSIONS 

1. By the feeding of a particular diet, apparently lacking a sub 
stance closely associated with vitamin B 2 G, a chronic disease may e 
produced irregularly in dogs. 

2. The disease is cliaracterized by atrophic glossitis, diarrhea, o..s 

of weight, and anemia. _ . 

3. The disease can be prevented and relieved by materials ric 1 1 
vitamin B 2 G. 


^ Kikuth, W., CcHlr. Bakl., 1. Alt., Orig., 1929, 113, 1. 



C. P. RHOADS AND D. K. inXLER 


605 


EXPLANATION OF PLATES 

Plate 30 

Figs. 1 to 3. Paintings of the tongues of dogs ^th chronic black tongue showing 
various degrees of injection and atrophy of papillae. 

Plate 31 

Figs. S and 7. Prints taken from the dorsal surfaces of the tongues of dogs with 
the atrophic glossitis of chronic black tongue. 

Figs. 4 and 6. Prints from the same tongues after recover}' had taken place. 

Plate 32 

Fig. 8. Photograph of the tongue of a dog with chronic black tongue showing 
atrophy of the papillae of the lateral lingual borders. 
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INFECTIOUS PAPILLOMATOSIS OF RABBITS 


of warts on individual animals in our series varied from one to ten in all cases except 
one. The exceptional animal was almost literally covered with warts and these, 
when removed at autopsy, were sufficient to fill a 200 cc. flask. The most common 
sites for the warts were on the inner aspect of the thighs, the abdomen, or about the 
neck and shoulders. Individual warts varied somewhat in size but the greater 
number were from 0,5 to 1 cm, in diameter and from 1 to LS cm. in height. They 
were black or grayish black in color, well keratinized, and the upper surfaces were 
frequently irregular or fissured. They were roughly oval in shape when \newed 
from the side (Fig. 1), The bases, in most instances, were narrower than tlie mid- 
portion. The lateral surfaces of the warts appeared vertically striated because 
each individual wart was composed of closely packed and almost homogeneous 
vertical strands of tissue. On cut section, an average wart had a white or pinkish 
white fleshy center, and the upper portion and its lateral surfaces were grayish 
black and keratinized. The vertically striated structure was particularly e\ndent 
on cut section. Attachment to the skin was loose as evidenced by the ease with 
w^hich warts were knocked or pulled off when animals were handled. Warts 
removed in this way left a rather freely bleeding surface whicli in most instances 
healed without complication; sometimes a second wart appeared at tlie same site. 


Experimental Transmission 

No difficulty has been encountered in transmitting the condition to 
either domestic or wild cottontail rabbits when materials from natur- 
ally occurring cases have been employed. The method used is, m 
brief, as follows: 


Either freshl}^ removed warts or tliose that have been stored in 50 per cent 
glycerol at refrigerator temperature are ground to a fine paste witli sterile sand 
and physiological saline in a mortar. More physiological saline is added to make 
a 3 to 5 per cent final suspension. Such a suspension is then centrifuged and the 
supernatant fluid, which is only slightly turbid, is removed and used for inoculalion. 
Suspensions prepared in this way remain infectious for at least a montli when kept 


at refrigerator temperature. 

Inoculation hy scarification was regular^' performed in these experiments. 
Rabbits to be inoculated were shaved on the abdomen or sides and lightly scaniicc 
either by needle or by rubbing the shaven skin with a moderately coarse gra c o 
sterilized sandpaper. To obtain discrete warts the former method was cmpIo}C(^, 
while scarification with sandpaper was used when a confluent and massive gro\^ 
of warts was desired. The scratches were made only deep enough to cause a are ^ 
perceptible oozing of blood-tinged fluid. A small amount of the infectious 
sion was immediately applied by dropping it from a syringe, and this nUK ^ 
rubbed well into the scarifications by means of a spatula or the flat hanc c a 
scalpel. The area thus inoculated was allowed to become almost dry before 
animal was released and put into its cage. 
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Course of the Experimental Infection 

The disease produced by experimental infection of either "svild cottontail or 
domestic rabbits followed a tj’pical course when infectioxis material from naturally 
occurring cases was employed. The period of time elapsing between inoculation 
and the first appearance of macroscopically detectable lesions varied from 6 to 12 
days with an average of slightly more than 8 da3's. This variation in the incuba- 
tion period was probably due more to difterences in the potency'' of the infectioxis 
suspensions than to differences in the resistance of individual animals, for when the 
same suspension was employed in inoculating a series of rabbits the incubation 
period was the same in the entire series. 

The first detectable lesions consisted in minute, barely visible elevations along 
the lines of scarification. These, on the 1st dsy, appeared macroscopicaU}' to be 
tiny vesicles, an appearance not supported by histological examination. B3’ the 
4th or 5th day the lesions were more definite and numerous and were usuall3^ pink 
in color. They were approximateb’^ 1 mm. in diameter and height and had lost 
their delicate vesicular appearance. From this stage on, growth was constant 
although its rapidity varied considerabb’'. From the 16th to the 20th da3' after 
their first appearance, the lesions were approximateb’ 3 mm. in diameter and height 
if they were isolated on the shaven areas or, if confluent, thev" constituted a more 
or less solid mass of rough wrinkled pinkish keratinized tissue 3 to 4 mm. in thick- 
ness. The3" had, by this time, acquired a definiteb^ wart3’' appearance, their sur- 
faces were keratinizing, and their sides exhibited the peculiar type of perpendicular 
striations seen in the naturall3^ occurring warts. The warts, whether separate or 
confluent, continued to increase in size for an indefinite period, and as the lesions 
became older the3’^ became more and more comified until finallv' the upper portions 
were ver3" hard. The lower portions, however, usuall3' remained flesh3' to the 
touch. At 6 weeks, individual warts or confluent masses were from 1.2 to 1.5 cm. 
in height; the skin on the portion of the bod3' upon which the3' were developing 
had become pendulous and was thrown into large stiff folds. Animals sacrificed 
at this time exhibited an enormoush' increased blood suppb" in the subcutaneous 
tissue underh'ing the warts. In spite of the great size of man3' of our experiment- 
ali3' produced wart masses, the animals showed no loss in weight and the entire 
course of the disease was free from an3’’ general clinical eridcnce of illness. In their 
gross appearance the experimental warts in both domestic and wdld rabbits have 
been identical vrith those seen in the naturalK* occurring disease. Photographs of 
cxpcrimcntall3- produced warts are given in Figs. 2 to 4. 

Experimental warts, as well as those occurring naturalU', appear to remain 
stationar3* ^'hen thev" reach 1 to 1.5 cm. in height. One of our rabbits, however, 
at present, 6 months after inoculation, is carr3dng a large wart mass which in places 
is 3 cm. in licight. With two exceptions, we have seen no w*arts retrogress in 
animals infected in tlic usual wa3\ In the exceptional animals, one a wild and the 
other a domestic rabbit, warts developed slovdv* after an unusuaUv* long inrubatlon 
period. Thc\’ reached a maximum height of onl>* 2 to 3 mm. betw'ccn 30 and 40 



612 


mPECTIOirS PAPILLOMATOSIS OF RABBITS 


Filtrability of the Wart-Indncing Agent 

Warts to be used as a source of infection in the filtration experiments were re- 
moved from tlie 50 per cent ghmerol in which they had been stored and were 
washed in three changes of sterile physiological saline. They were then minced 
with sterile scissors, ground in a mortar with sterile sand, and suspended in suffi- 
cient phj'^siological saline to make an approximately 5 per cent suspension. Sus- 
pensions thus prepared were cleared by centrifugation. The decanted super- 
natant fluid was usually almost water-clear with onlj' a faint opalescence, and for 
this reason was rapidly filtrable. 1 cc. of a broth culture of B. prodigiosus was 
added to each 15 to 20 cc. of fluid just before it was passed through Seitz or Berke- 
feld filters. The resulting filtrates were tested for sterilit}’^ in 1.5 cc. amounts. 
All filtrates recorded w'ere bacteriologicaUy sterile. 

The results of the filtration experiments are summarized in Table 1. 

Warts produced by filtrates, recorded in Table I as positive, were as 
extensive and characteristic as those in the control animals whicli had 
been inoculated with unfiltered suspensions. Furthermore, when do- 
mestic rabbits were used as the test animals, filtration, especially 
through Berkefeld V or N candles, instead of prolonging the incubation 
period as might be expected because of some possible removal of the 
filtrable agent by absorption on the filter surface, usually had either no 
effect or shortened the period. In wild rabbits, from the limited data 
at hand, it would seem that filtration resulted in a slight prolongation 
of the incubation period. From the data recorded in Table I it can be 
concluded that the etiological agent causing warts in rabbits readily 
passes Berkefeld filters, of V, N, or W porosity but does not regularly 
pass a Seitz filter when two pads are employed. Filtration through 
a Seitz filter, using one pad, allowed not only the virus to pass but also 
B. prodigiosus. 

No extensive attempts to cultivate visible microbial forms from fil- 
trates of proven infectivity were made. However, during the investi- 
gation active filtrates have been cultured repeatedly in plain and blood 
broth and on plain and blood agar and such cultures have remainw 
sterile both as regards the test organism, B. prodigiosus, or any other 
\dsible bacterial form. \’iTule no special media have been emplo} ed in 
these attempts to demonstrate the bacteriological sterility’ of actn<- 
filtratcs, the results obtained using the media mentioned above, con^ 
sidcred with the fact that sections of actively^ growing warts or films o 
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TABLE I 


Fillraiion Experiments 


Experi- 

ment 

No. 

Filter 

Time 

of 

filtra- 

tion 

Amount 
of 1 
filtrate 

^laximum 

negative 

pressure 

I^bbit No., 
inoculated 

Result: 
■wart fonna- 
tioa on inocu- 
lated 

Incu- 

bation 

period 



min. 

cc. 

cm, Bg 



deys 

1 

Berkefeld V 

2 

30 1 

62 

DR* 621 

Positive 

6 


Unfilt 

ered sui 

1 

spensioi 

1 

DR 620 

ti 

6 

2 

Berkefeld V 

1 

0.75 1 

30 

62 

DR 6t4 

it 

6 


N 

1 

19.5 

62 

DR 575 

tc 

6 


« (( 

1 

19.5 

62 ' 

\\Ti.t634 

it 

9 


iC W 

2 

10.5 

62 

DR 613 

<{ 

8 


it it 

2 

10.5 

62 

W 632 

it 

9 


Unfiltered suspension 

DR 666 

tt 

9 


it 


<c 


WTl 637 

tt 

i 

7 

3 

Berkefeld V 

0.50 

29 

62 

DR 610 

tc 

7 


Unfilt 

ered su: 

spensioi 

1 

DR 681 

ft 

10 

4 

Seitz (2 pads) 

2 

30 

Positive 

DR 711 

Negative 






pressure 





“ (2 “ ) 

2 

30 

it it 

DR 725 

tt 



Berkefeld V 

2.5 

30 

62 

DR 729 

Positive 

; 12 


it tt 

2.5 

30 

62 

i WR 733 

tt 

12 

5 

“ N 

0.5 

34 

62 

DR 790 

it 

9 


“ W 

3 

27 

1 62 

DR 7S9 

tt 

9 


Unfilt 
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^nsior 

i 

DR 791 

tt 

9 

6 

Seitz (2 pads) 

2 

34 

Positive 

DR 793 

tt 

15 





pressure 





Berkefeld N 

1.5 

29 

62 

DR 788 

tt 

7 


a If 

1.5 

29 

62 

DR 794 

** 

7 


“ w 

3 

29 

62 

DR 7&4 

tt 

11 


tt n 

3 

29 

62 

DR 795 

tt 

n 


Unfiltered suspension | 

DR 792 

tt 

9 


* DR = domestic rabbit, 
t \VR = wild rabbit. 


active uniiltercd infectious suspensions have failed to reveal the pres- 
ence of any constant perceptible microbial form, would seem clearlv 
to indicate that no visible organized agent is ctiologically essential 
to Uie wart production. 
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warts was used. The flxiid to be heated was sealed in sterile glass ampoules and 
completely submerged in the water bath for the 30 minute period during which it 
was exposed to a given temperature. 

The results of the heating experiments are given in Table H, 

The data recorded in Table n indicate that the acthdty of the wart- 
inducing agent is unaffected by temperatures of 65®C, or below for ^ 
hour but is completely destroyed by temperatures of 70°C. or higher. 
Heating to 67°C. for 30 minutes, while not completely inactivating the 
wart-producing agent, did exert a deleterious influence on it. This 
was evidenced by a marked prolongation of the incubation period in 
rabbits infected with material heated to this temperature and by scant 
takes and early retrogression of the resulting warts. It was of interest 
to note in this respect that the heating of suspensions at temperatures 
from 45~-65°C., instead of lengthening the incubation period in inocu- 
lated animals, often shortened it as compared with that shown in 
animals receiving the unheated control suspensions. 

In some of the heating experiments opposite sides of a single rabbit 
were used to test two suspensions, with adequate care that material 
from one side did not contaminate the other side. In earlier carefully 
controlled experiments in which both sides of an animal were shaved 
and scarified but only one side inoculated with an infectious suspen- 
sion, it was shown that warts developed only on the inoculated side. 
In the experiments in Table 11, in most instances, inoculations were 
arranged in such a way that only one side of the animal developed 
warts. 

The thermometer used in these experiments was compared with a 
standard thermometer and was found to give readings 0.2°C. below 
those of the standard instrument. This small correction has not been 
made in the data recorded in Table H. 

Routes of Infection 

Only the method of inoculation by scarification has yielded con- 
stant results in our hands. Inoculation intravenousU^ with infectious 
Berkefeld filtrates, after first abrading an area of the skin of the abdo- 
men with a sterile needle, led to infection of the abraded areas in two 
out of four cases. Of the two positive animals, one, a wild rabbit, 
developed only a single wart; while the other, a domestic rabbit, de- 
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veloped four warts on the abraded area and two on the back of the neck. 
The incubation period in both of these cases was over three times as 
long as that of the control animals infected by scarification. At 
autopsy, all four intravenously inoculated animals were free from vis- 
ceral pathology ascribable to the wart-inducing agent. Inoculations 
of either wild or domestic rabbits intraperitoneally, subcutaneously, 
intratesticularly, or intracerebrally, with filtrates of proven infectmty 
on scarification, have yielded entirely negative clinical and pathologi- 
cal results. About 50 per cent of the intradennal inoculations resulted 
in wart formation although in these instances the warts appeared not 
at the point where the inoculum had been deposited but at the point 
where the needle had pierced the epidermis and where some of the 
inoculum had leaked from the needle tract. The incubation period of 
warts produced in this way was always longer than when infection had 
been accomplished by scarification. 

Rcsisiance of Infected Rabbits to Reinfection 

In a series of 123 wild and domestic rabbits inoculated with sus- 
pensions of known infectivity, we have encountered no animal that was 
naturally immune. 

One of the two rabbits in which warts underwent complete retro- 
gression was tested and found to be resistant to reinfection. The scrum 
of this animal, however, when mixed in equal parts with an infectious 
suspension, failed to neutralize the wart-inducing agent. It did pro- 
long the incubation period considerably. 

Ten domestic rabbits carrying warts of various ages have been 
tested for immunity to reinfection. Five resisted reinfection success- 
fully, while the remaining five, after unusually long incubation periods, 
finally developed warts at the sites of their new inoculations. These 
warts were much less numerous and slower in growth tlian those m a 
control animals. The time elapsing between the primar}’’ infection aiu 
the attempt at reinfection was apparently of little importance, for tao 
animals were found to be susceptible to reinfection 76 days after o 
primar)'- inoculation while one animal was completely resistant to rein 
fcction 31 days after its primar)’' inoculation. Two rabbits tcstcc 
days after their primar)’ inoculation and 6 days after the first 
ance of warts possessed some resistance which was evidenced b) t ’c 
fact that no warts appeared at the sites of their new inoculations 
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24 days^ whereas the incubatioii period in the control animals was 8 
days. 

Three wild rabbits that were carrying warts when received from 
Kansas were tested for immunity. All three were still susceptible, 
although the incubation periods were markedly lengthened. One 
experimentally infected wild rabbit has been found to be immune to 
reinfection. 

Neiiiralizing Properties of the Sera of Infected Rabbits 

Sera from wild rabbits, either naturally or experimentally infected, 
as well as the sera from experimentally infected domestic rabbits, 
have been found to contain antibodies effective against the wart-induc- 
ing agent. Most of such sera have neutralized it completely, so that 
warts failed to develop in animals inoculated with mixtures of serum 
and the infectious agent; in the others, partial neutralization was e\d- 
denced by a doubling or trebling of the incubation period. 

For these tests the usual virus neutralization technique was emploj’ed. Equal 
parts of serum and infectious suspension were mixed and stored overnight (17 
hours) in the refrigerator. The control consisted of equal parts of infectious sus- 
pension and normal rabbit serum. Rabbits were inoculated with these mixtures 
on the freshly scarified skin in the usual wa^^ using one shaven side for the control 
inoculation and the other for the neutralization test, performing both inoculations 
on the same rabbit and thus avoiding possible individual variations in resistance. 

From the above experiments it is evident that an active w’art infec- 
tion in rabbits not only renders them complete^ or partially resistant 
to reinfection but also that it evokes antibodies, demonstrable in 
their sera, capable of completely or partially neutralizing the w^art- 
inducing agent. 

Wort-Producing Agent Not Ivimunologically Related to the Viruses 
Causing Infectious Fibroma or Myxoma 

In earlier experiments (1), a benign fibroma-like new growth of rab- 
bits caused by a filtrable \rirus w’as found capable of establishing a 
resistance in rabbits to fatal infection with the otherwise uniformlv 
dcadl}’' virus of infectious myxoma. To c,xpIorc the possibility of an 
immunological relationship between the wart-producing agent and the 
benign fibroma virus or the fatal myxomvL vims, a number of e.x'pcri- 
ments were conducted. It was found that rabbits infected with the 
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We have not yet attempted to pass the wart-producing agent 
through a long series of wild rabbits but in the course of obtaining fresh 
infectious material it has at present reached its third serial passage. 
In spite of the fact that the agent cannot be propagated in series 
through domestic rabbits, it is probable that it can be passed indefi- 
nitely in series through wild rabbits and that any of these serial wild 
rabbit passages can be used in infecting domestic rabbits. 

No attempt has so far been made to transmit the domestic rabbit 
warts by means of tissue grafts, although in a small number of experi- 
ments freshly prepared cell-containing suspensions of young actively 
growing papillomata from domestic rabbits have jdelded negative 
results when inocxilated mtracutaneously or subcutaneously into 
domestic rabbits. Instead, it has seemed best to study the rabbit 
papillomata first as an infectious process caused by a filtrable agent and 
to determine, if possible, why this agent should be readily transmissible 
in series when inducing warts in wild rabbits and non-transmissible 
when inducing similar growths in domestic rabbits. 

That the degree of maturity of the warts in domestic rabbits at the 
time that attempts were made to transmit them in series was not a de- 
termining factor is indicated by the fact that warts taken at interv^'als 
of 6 to 8 days, from their first appearance imtil they were 116 days old, 
yielded no successful infections. 

Domestic rabbit warts glycerolated for varying periods of time were 
repeatedly tested for infectmty to determine whether or not glycerol 
storage has an activating effect on the agent as it does on herpes vurus 
of low activity (3-5) . The results of these experiments were all 
negative. 

In a series of experiments conducted before the presence of neutraliz- 
ing antibodies in the blood serum of wart-bearing animals had been 
demonstrated, it was found that when an inactive domestic rabbit wart 
suspension was mixed with an equal part of a suspension prepared from 
nild rabbit warts of knoTO infectirity, the resulting mixture was either 
completely non-infectious or the incubation period was prolonged and 
the resulting warts few in number as compared vnth control animals. 
This suggested the presence in warts from domestic rabbits of an inhib- 
itor}^ substance similar to that found by Sittenficld, Johnson, and 
Jobling (6) and Murphy, Hchner, Claude, and Sturm (7) in fowl tu- 
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mors. In the light of subsequent experiments in which the sera of wart- 
bearing rabbits were found to neutrahze partially or completely the 
wart-producing agent, it seems possible that the inhibitory properties 
observed in non-infectious domestic rabbit wart suspensions might in 
reality have been due to contained humoral antibodies. A point of 
argument against this belief is that, while humoral antibodies were 
demonstrable in the sera from both infected wild and domestic rabbits, 
only the domestic rabbit warts possessed demonstrable inhibitory prop- 
erties. We have as yet made no systematic attempt to render exper- 
imental domestic rabbit warts infectious by removal of a hypothetical 
inhibitory substance. We have tried, however, to infect rabbits with 
inactive experimental domestic rabbit wart suspensions that had been 
heated to 60°C. for 30 minutes in the hope that that temperature might 
inactivate the possible inhibitor without affecting the w'art-producing 
agent, with suspensions prepared from domestic rabbit wart cells that 
had been washed repeatedly and sufficiently to remove aU freely soluble 
humoral antibody, and with Berkefeld filtrates of inactive wart sus- 
pensions. All three of these procedures yielded completely negative 
results. Both tire Iowa and the Kansas strain of the disease were used 
in these attempts to transmit warts in series through domestic rabbits. 

DISCUSSION 

The absence of significant visible bacterial forms in highly active 
wart-producing suspensions together with the ready filtrability of the 
etiological agent and the inability to cultivate, on lifeless media, an) 
visible microbial form from demonstrably active filtrates; the agent s 
ability to transmit in series through wild rabbits; its glycerol resist- 
ance; its ability to induce in its hosts an immunity rvhich is constant 
although of variable degree; and its apparent tropism for one type o 
tissue place this agent in the filtrable virus group. 

The non-transmissibility of the agent in series through one of its 
demonstrably susceptible hosts, the domestic rabbit, is not a character 
istic of most of the known virus diseases. An analogy, however, is to 
be found in the group of filtrable fowl tumors. Des Ligneris (8), vor ' 
ing with Rous Sarcoma 1 of chickens, has found that while >o ^ 
turkc)’^ and guinea fowls are susceptible, transmission through t le.c 
two alien species is limited to two successive serial passages. Simi ar > , 
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Andrev;es (9) has found that while Rous Sarcoma 1 will produce fatal 
metastasizing tiunors in its first pheasant passage it cannot be trans- 
mitted in its characteristic fonn from pheasant to pheasant.^ It seems 
probable that the domestic rabbit (genus Oryciolugiis) is sufficiently 
distantly related to the wild cottontail rabbit (genus Syhnlngus) to 
behave towards infection with a filtrable new growth of wild rabbit 
origin in much the same manner as do turkeys, guinea fowls, and pheas- 
ants towards infection with a filtrable chicken tumor. 

Another property of the wart-producing agent that is unusual 
among viruses causing diseases in animals is its resistance to heat. 
Suspended in 0.9 per cent NaCl solution it proved capable of with- 
standing a temperature of 65°C. for 30 minutes in sealed ampoules 
without apparent damage to its wart-producing properties. Virus 
heated to 67°C. for 30 minutes, while still active, produced, in our 
limited number of experiments, warts which either developed scantil}^ 
or retrogressed after a few days' growth. We are aware of no other 
animal virus which will withstand so high a temperature in the moist 
state; most are completely inactivated at much lower temperatures. 
However, among the plant viruses, which are on the whole as suscepti- 
ble as animal \druses to the effects of heat, there are several which 
withstand heating to 65®C, or more (10). The 'vdrus of tobacco mosaic 
is an example of a typical plant vims that is relatively heat resistant 
(11). For this reason it does not seem necessary to consider seriously 
the possibihty that the unusual heat resistance of the wart-producing 
agent eliminates it from classification as a \drus. 

The not infrequent shortening of the incubation period in animals 
inoculated either with \drus heated to from 45-65°C. or with virus that 
had been filtered through Berkefeld Vor X candles cannot be explained. 
Removal of an inhibiting agent by these two procedures is suggested 
by the data. 

In the gross and histologically, the warts of rabbits described in this 
paper are topical of virus-produced papillomata (12-15) as known in 
man, cattle, and dogs. It has not been previously obseiv'cd in studies 
of mammalian warts of this kind that an epithelial neoplastic process of 
identical gross and histological appearance can be induced in two ani- 

* Andrewes has recently reported the successful serial passage of Rous Sarcoma 
1 through pheasants (Andrewes, C H., 7. Pj//;. cr:d 1933, 37, 17). 
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non-transmissible or transmissible only by \aable cell-conta inin g 
grafts. 


SUMMARY 

A papilloma has been observed in wild cottontail rabbits and has 
been found to be transmissible to both wild and domestic rabbits. 
The clinical and pathological pictures of the condition have been 
described. It has been foimd that the causative agent is readily fil- 
trable through Berkefeld but not regularly through Seitz filters, that 
it stores well in glycerol, that it is still active after heating to 67°C. 
for 30 minutes, but not after heating to 70°C., and that it exhibits a 
marked tropism for cutaneous epithelium. The activities and proper- 
ties of the papilloma-producing agent warrant its classification as a 
filtrable virus. 

Rabbits carrying experimentally produced papillomata are partially 
or completely immune to reinfection and, furthermore, their sera 
partially or completely neutralize the causative \drus. The disease is 
transmissible in series through wild rabbits and virus of wild rabbit 
origin is readily transmissible to domestic rabbits, producing in this 
species papillomata identical in appearance with those foimd in wild 
rabbits. However, the condition is not transmissible in series through 
domestic rabbits. The possible significance of this obser\’’ation has 
been discussed. The virus of infectious papillomatosis is not related 
nnmunologically to either the virus of infectious fibroma or to that of 
infectious myxoma of rabbits. 
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EXPLANATION OF PLATES 
Plate 33 

Fig. 1. Spontaneous wart on the thigh of a wild rabbit. The verticall}'' striated 
appearance of the lateral surfaces can be seen. The upper portion of tlie growtli 
is hard and well keratinized. 

Fig. 2. Experimental warts on the abdomen of a domestic rabbit showing indi- 
vidual discrete wart formation in an animal infected following scarification by 
needle. These warts are 23 days old. 

Fig. 3. Same animal as shown in Fig. 2. The warts are now 52 da3"s old and, 
considered individual!}’-, are accurate reproductions of the spontaneous warts seen 
in wild rabbits. 

Fig. 4. Experimental warts on the abdomen of a domestic rabbit showing mas- 
sive confluent wart formation in an animal infected following scarification with 
sandpaper. These warts are 118 days old and are firmly keratinized. 

Plate 34 

Fig. S. Section of a spontaneous wart in a wild rabbit. The long, branching 
papillae are capped by an enormous amount of keratinized material. Iron alum 
hematoxylin and eosin. X 10.4. 

Fig. 6. Higher power of a spontaneous wart showing the tall and narro^\ 
germinal cells, the great thickness of the polygonal cell and granular layers, am 
the imperfectly keratinized surface layer. Iron alum hematoxylin and cosin. 
X 168. 


Plate 35 

Fig. 7. Section of an experimental wart in a domestic rabbit 3 days 
appearance. The mass of proliferating epithelium lies partly below the leve o 
the normal epithelium, whicli it underlies at the margins. As yet there is no excels 
keratinization. Iron alum hematoxylin and eosin. X 33. 

Fig. 8. Section of an experimental wart in a domestic rabbit 18 days after j 5 
appearance. The epithelium is greatly thickened and the new projcc 

considerably from the surface. Iron alum hematoxylin and eosin. ^ ^ 

Fig. 9. Still later stage of the experimental disease in a domestic ra ^ 
days). The features of the spontaneous growth are by now fairly fait u . 
reproduced. Iron alum hematoxylin and cosin. X 26. 
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AN IMMUNOLOGICAL STUDY OF NATIVE, DENATURED, 
AND re\t;rsed SERUIM ALBU^IIN* 

By BENJA^nN F. MILLER, M. D, 

{From the Department of Physical Chemistry in the Laboratories of Physiology, 
Harvard Medical School, Boston) 

(Received for publication, July 14, 1933) 

The denaturation of proteins has long been considered an irreversi- 
ble process. This view is still generally prevalent in spite of e^ddence 
which has accumulated showing that denatured protein may, under 
appropriate conditions, be reversed into soluble material which 
exhibits the same physical and chemical properties as the original 
native protein. The transformation of denatured hemoglobin and 
globin to their native states has been extensively studied by Anson and 
Mirsky (1). In no case could they detect any physical or chemical 
differences between their original substance and the one obtained b}" 
the reversal of the thoroughly denatured protein. In 1931 they ex- 
tended their observ^ations to serum albumin (2) and showed that it 
was possible to prepare a soluble, heat-coagulable, cry’'5talline protein 
from albumin which had been denatured by heat, acetone, or trichlor- 
acetic acid. The reversal of heat-denatured serum albumin from acid 
solution had been observed as early as 1910 by Michaelis and Rona 
(3). These investigators did not cr^^stallize the soluble material 
recovered from the denatured protein, nor did the3’ attempt to apply 
any other criteria of reversal. Recently Northrop has reported the 
reversal of denatured pepsin (4) and tnpsin (5). The reversal of 
denatured egg albumin has not been accomplished by the present 
methods. 

The technique involved in the reversal process is simple, especialh" 
with serum albumin. Anson and Mirsky (2) dissolved denatured 
scrum albumin, prepared by the action of heat, acetone, or trichlorace- 

* This investigalion was carried out during tenure of the John Ware Memorial 
Student Fellowship, 1931-33, and presented as a thesis for the degree Jn MerJicinc 
at the Har\-ard Medical School. 


625 



626 


NATIVE, DENATURED, AND EE\rERSED ALBUMIN 


tic acid, in an acid solution. When this solution was neutralized with 
sodium hydroxide at room temperature, it yielded about 65 per cent 
soluble protein at the isoelectric point. All this soluble protein could 
be crystallized into a form resembling native albumin. 

In view of the fundamental importance of the reversal process in 
understanding the mechanism of denaturation it appeared desirable 
to apply another criterion of reversibility. This we felt could be 
accomphshed better by immunological, tlian by any but the most 
exhaustive chemical and physical methods at present available for 
protein characterization. 

A study of the reversal of heat-denatured horse serum albumin by 
means of the precipitin reaction was therefore undertaken. It had 
been shown by Obermayer and Pick (6) that heated serum proteins 
lose most of their ability to react with precipitin antibodies obtained 
by the injection of the native protein. Later Schmidt (7) obtained 
f -.bstantially the same results. It thus appeared feasible to employ 
liis method to determine the relationship of the reversed albumin to 
ts native and denatured precursors. 

Experiment-al Methods 

Native, heat-denatured, and reversed heat-denatured horse serum 
albumins were prepared by the technique of Anson and Mirsky (2) 
modified, in certain respects, for an immunological study. Amorphous 
serum albumin was chosen, as it had been studied by Anson and 
Mirsky. Moreover, Svedberg (8) has shown that repeated cr}’’stalliza- 
tion of serum albumin gives an increasingly heterogeneous mixture, 
and it has been known to immunologists that the crystalline albumin is 
a poorer antigen than the amorphous form. 

The specific sera were obtained by sensitizing rabbits to each of the 
three antigens. These sera were tested against the three antigens b} 
means of the ring test precipitin method. The antigen dilutions were 
made on a comparable basis by expressing weight of total protein pef 
volume of saline. A detailed description of the antigen preparation-' 
and the immunological procedures is given below. 

Native Serum Albumin . — Prepared by half saturating horse serum with (Nfhk 
SO4 and discarding the globulin precipitate. Solid (NH 4 );S 04 was tlien added t- 
the filtrate (200 gm. per liter) for precipitation of the albumin fraction. I''-' 
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amorphous albumin was dialyzed against cold distilled water in cellophane mem- 
branes for 24 to 48 hours imtil practicall}’' salt-free. A 2 per cent solution was 
used for sensitization of animals and for dilutions in the precipitin tests, as well 
as for the preparations below. 

Eeal-Denatured Albumin , — ^Prepared as follows: 100 cc. of 2 per cent native 
albumin were acidified with 30. cc. of n/10 HCl. The solution was stirred in a 
bath of boiling water until it reached 90^C. The heating was then continued for 
exactly 3 minutes, during which time the temperature usually rose to 97°C. The 
hot solution was neutralized with sufficient n/10 NaOH to give mRYinuim coagula- 
tion (about 22.5 cc.) and then cooled at once to room temperature. Upon neutrali- 
zation, a heavy precipitate of coagulated albumin appeared. It was separated by 
centrifugation, suspended and thoroughly stirred in 100 cc. of 0.9 per cent NaCI, 
and again centrifuged. This washing was repeated 5 times with 100 cc. portions 
of 0.9 per cent saline in order to remove an}^ undenatured serum protein which 
might have been present. 

The coagulated albumin dissolved incompletely at pH 7 b}' addition of NaOH at 
room tempera t\ire, but it was readily rendered soluble by suspending the denatured 
albumin in 75 cc. of distilled water, warming to 90°C., and dissohdng with suffi- 
cient n/10 NaOH to give a clear solution. It was then immediatel}” neutralized to 
pH 7 with the required amoimt of n/10 HCl, and cooled at once to room tempera- 
ture by immersion in an ice bath. The amount of HCl needed was previously 
determined by means of an aliquot. This procedure did not subject the denatured 
albumin to such conditions of pH or temperature as would favor reversal; and 
resulted in a slightly opalescent solution which was anal>’^ed for total protein, and 
was satisfactory’^ for injections and for the precipitin tests. Although there was an 
additional manipulation involved in this process, it was deemed permissible since 
the rate of heat denaturation at reactions sUghtly alkaline to the isoelectric point 
is negligible, in comparison with the rate in add solution (9). 

Reversed Heated Albumin . — ^Prepared from 100 cc. of 2 per cent native albumin 
which had been heated, coagulated, and washed as described above. The de- 
natured protein predpitate was dissolved in 15 cc. of n/5 HCl and diluted to 60 cc. 
This dear solution of denatured albumin was then reversed at room temperature 
by addition of suffident n/5 NaOH to bring the pH to 4.7 (determined by methyl 
red as indicator). The reversed solution was only slightly turbid at this pH, 
indicating that most of the denatured albumin had regained solubility at the 
isoelectric point. Half saturation with (NH^l-SO^ resulted in considerable pre- 
dpitation. This procedure is recommended by .Anson and Mirsky to remove any 
denatured albumin held in solution. It by no means follows that all of the predpi- 
tated protein is denatured, since even the solubility of native serum albumin in 
half saturated (NH|)rS 04 near the isoelectric pH is distinctly limited. The filtrate 
from the half saturated solution containing the soluble, reversed albumin was 
dialyzed in a cellophane membrane against cold distilled water until practically 
salt-free. It was then concentrated in the cold by means of a Sorensen t\'pe of 
negative pressure diah-zer (10) to approximatdy 1 per cenL .After anal\*slsfor 
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total protein this solution was used for the injection and immunological procedures. 
For convenience in the tables, it has been designated as reversed heated albumin. 

Preparation of Antisera . — ^Three rabbits were injected with each of tlie above 
albumins both intravenousl}’' and subcutaneously until they gave a precipitating 
titer of at least 1:100,000. Eight of tlie nine animals showed a satisfactory 
response. Usually three injections of 5 to 20 mg. of total protein were given each 
week for 3 to 5 weeks. 

Precipitin Tests . — The three antigens were diluted with 0.9 per cent saline. The 
dilutions are on a quantitative basis, all being reducible to grams of total protein 
(Kjeldahl nitrogen multiplied by 6.25) per cubic centimeter of saline. Thus a 
1 : 100,000 dilution of antigen corresponds to 1 gm. of albumin in 100,000 cc. of 
saline, and is not directly comparable with the total protein in dilutions of whole 
serum unless one corrects for the original approximate!}' 1:12 dDution of protein 
in horse serum. 

The tests were made by layering about 0.3 cc. of tlie antigen dilutions over an 
equal volume of the antisera and reading the ring which formed at tlie interface. 
The following notation ivas used throughout in order to put tlie tests on a scmi- 
quantitative basis. 

+ + + + = heavy ring w’hich formed within 2 minutes. 

+ + + = heavy ring at 20 minutes. 

+ + = moderate ring at 20 minutes. 

+ = faint ring at 20 minutes. 

Thus readings were taken at 2 minutes and the 4 plus rings recorded. The re- 
mainder were read at the end of 20 minutes. The unknowns were always com- 
pared with control solution of (1) saline -f- specific antisera, and (2) 1:1,000 dilu- 
tions of the antigens -f normal rabbit serum. 


RESULTS 

The reactions of the native, heat-denatured, and reversed heated 
albumins with sera prepared by' injection of native albumin arc shoun 
in Table I. Tire results show a marked decrease in the reactivity^ o 
the heat-denatured albumin toward the native precipitin, confinmng 
the results of Obermaymr and Pick (6) and of Schmidt (7)- 
table also indicates a striking increase in the precipitability of 
reversed heated albumin by native precipitin as compared uitb nc 
denatured antigen. The reactivity is appro.vimately equal to that o 
native semm albumin since both react in dilutions of 1 : 100,000 u 
as previously e.xplained, contain the same weight of total protein 
both antigens. ^ _ . 

The reactions of the reversed protein with native precipitin 
considered sufficient evidence for this study because it might be areO*- 
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TABLE I 

Precipitin Reactions with Anti-Native Albumin Sera 


6 

13 

.o 

ez 

Antigen 

! 

Antigen cjilations 

1:1,000 

1:10,000 

1:25,000 

1 : 50.000 

1:75,000 

1:100,000 

1:200,000 

1:300,000 

78 

Native serum albumin 



+++-f- 

L 

-r-f 


— 



Heat-denatured albumin 

-h-h 

-h 

— 

— 

— 

— 

— 

— 


Reversed heated albumin 

++++ 


+++ 

f I 

a- 

-U 

— 

— 

79 

Nativ’e serum albumin 1 

++++I 

-f-h-h-f 

d-h-hd- 


-I — !- 

JU 

— 

— 


Heat-denatured albumin 

+ 


1 

-r 

- 


— 

— 

— 


Reversed heated albumin 

++++' 

-f-h-h-h 

— h"r"h 

+4- 

-r-h 

-U 1 

— 

— 


Controls: 0.9 per cent saline -j* Sera 78 and 79, negative. 

1:1,000 dilutions of the antigens -f normal rabbit serum, negative. 


TABLE n 

Precipitm Reactions with Anti-Kcat-Dcnaturcd Albumin Sera 


c 

:5 

3 

*? 

Antigen 

Antigen dilations 

1 : 1,000 

1 : 10,000 

1:25,000 

1:50,000 

1:75,000 

0 

0 

c* 

c 

0 

c 

C 

0 

c* 

c 

83 

Native serum albumin 

-h-f-h + 

-f + + + 

+ + 

J lI 

i 1 1 

-! L. 

- 1 - 






Heat-denatured albumin 



+ + 

+4- 

U-4- 

4- 

— 

— 


Reversed heated albumin 


+4-4*4- 

+ + 

4- ! 

+ 

+ 

— 


84 

Native serum albumin 

— 1 — i — h 


+ + 

4- ' 

- 1 - 1 

- 1 . 



— 


Hcat-dcnaturcd albumin 

-h-f-f-f 

++ 1 

+ + 

4 , 

-f- 

4- 

— 

— 


Reversed heated albumin 


++ , 

U J- 

4 . 

+ 

+ 


- 

85 

Native serum albumin 


++ + 

+++ 

4-4- 

- 1 - 

-i- 

1 



Heat-denatured albumin 

-h-f-f-r 

++++ 

++++ 

- 1 - 4 -! 

+ + 

4- 

— 



Reversed heated albumin 

-h-f-f-h 

++++ 

"i — i — i — Tj 

4 . 4-1 

+ + 

+ 

1 — 

i 


Controls: 0.9 per cent saline -h Sera S3, S4, and S5, negath’e. 

1:1,000 dilutions of the three antigens rr. normal rabbit scrum, 
negative. 


tliat the reversed protein was acting as a partial antigen. To guard 
against this possibility we obtained additional results which show the 
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reactions of the various antigens with sera obtained by injecting both 
denatured and reversed protein. The fact that the reversed protein 
gave rise to antibodies is evidence that it is a complete and not a partial 
antigen. 

First let us consider the reactions of the three antigens with sera 
obtained by the injection of heat-denatured albumin, as set forth in 
Table II. They show an equal reactivity of all three antigens with 
the specific sera. The phenomenon that heat-denatured senim pro- 

TABLE III 


Precipitin Reaction with Anti-Reversed Heated Albumin Sera 


Rabbit No. 

Antigens 



Antigen dilutions 





o 

o 

o 

o 

o 

o" 

o 

o 

o 

\n 

cs 

o 

o 

o* 

lO 

O 

O 

o_ 

irT 

O 

o 

o 

o‘ 

o 

o 

o 

o. 

o 

o 

M 

o 

o 

d 

o 

n 

88 

Native serum albumin 

++H — h 

++++ 

d-d- d-d- 

d-d-d- 

d-d-d- 

d-d 

d 

- 


Heat-denatured albumin 



d- 


— 

— 




Reversed heated albumin 

-] — 1 — l--]- 

++++ 

d-d-d-d- 

+++ 

d-d-d" 

dd 

+ 


89 

Native serum albumin 

++d — h 

"1 — 1 — 1 — h 

d-d-d- 

d'-f-d' 

d- 

d 


1- 


Heat-denatured albumin 

+++ 

++ 

+ 

— 

— 





Reversed heated albumin 


d — 1 — 1 — h 

d-d-d-d- 

d- d-d- 

d- 

+ 



90 

Native serum albumin 

H — h++ 

'++++ 

1 

'd-d-hd- 

d-d- -1-d- 

d-d- 

dd 

+ 

- 


Heat-denatured albumin 

++H — h 

+++ 

d-d- 

d- 

— 





Reversed heated albumin 

-h+++ 

d — Hd — t" 

H — 1 — 1 — h 

-h-f-l— h 

+ + 

+ + 


- 


Controls: 0.9 per cent saline Sera 88, 89, and 90, negative. 

1:1,000 dilutions of the three antigens sj. normal rabbit senim, 
negative. 


teins produced an antibody w^hich reacted equally well with 
native and heat-denatured serum tvas observed by Obeimaj ‘ ^ 
Pick ( 6 ). This tj^pe of antibody is now well known in immuno Oc) 
by the name coctoprecipitin. Our chief interest in the coctoprecip^i^^^ 
was whether or not the reversed heated antigen would give nsc to 
peculiar antibod3L .^^^1 

The reactions of the same three antigens with specific sera o 
hy injecting reversed albumin are given in Table III. A compan 
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of Tables I and III shows that the reversed heated albumin chd not 
act like the denatured albumin and give rise to a coctoprecipitin; but 
produced an antibody indistinguishable from the native precipitm. 

A considerable interaction of the heat-denatured albumm with the 
native and reversed antisera is indicated at the lower ddutions. This 
apparently is a partial function of the seventy of the denaturation 
process, for, as shown by Schmidt (7), the cross-reaction vanes m- 
versely with the temperature and duration of the heating. Also, sera 
with high titers against native protein show more reaction with heated 
antigen than sera with low titers (6). Our results were all obtamed 

with sera of high titer. . , c- r * 1 , 

We accordingly wished to study the immunological effect of the 
reversal process on native albumin which had been treated more 
drastically than the heat-denatured protein. We therefore denatured 
serum albumin by exposure to acidified acetone for 24 hours, and 
reversed it in the usual manner as detailed below. 


Acelone-Denalured Prepared after Anson and Mireky^ (2) mth 

certain departures necessitated by our speaal needs /O cc^ of 4.o per cent 
native hoL albumin (prepared as before) u-ere aa^ed to (LOo ^ the 

addition of 5 n HCl. The albumin was preapitated by the ad^Uon of /OO cc. of 
acetone containing 1.4 cc. of 5 n HCl. The mixture allowed to stand at room 
temperature for 24 hours with occasional shaking. The coagidated albumin y. as 
then filtered off and dried between filter papers for 2 hours. After pulvenzation, 
it was dissolved in 150 cc. of distilled water. The denatured alburmn hydrochlo- 
ride went into solution readily giving a pH of 3.5 to 4. It was a soluUon prepared 
by this method that Anson and Mirsky neutralized at room tem^rature to obtam 
reversal of acetone-denatured albumin. Since we unshed to obtain a denatured 
albumin at pH 7.0 for comparison with the reversed acetone-denatured albumin, 
we found it necessarj- to approach the isoelectric point at a high tempemture where 
reversal could not take place. This was accomp ished by waging the and solu- 
tion of denatured albumin to 90X. and neutralizing wiUi until ^ 

the protein precipitated out. This precipitate was then wished 6 times with 100 
cc. portions of 0.9 per cent NaCl. A portion was brought into solution by unarm- 
ing to 90'=C. and bringing to pH 7.0 exactly as described before with the heat- 
denatured albumin. The protein is referred to as acetone^ynatured albumin for 
convenience in the text; but it should be borne in mind riiat it liad bccn expo^d to 
dilute add and heat as well as excess of acetone. Hence it was muen more wolently 

denatured than Ulc heat-denatured albumin described above, 

Rezersed Acciar.c .1 /^^/ mf;:, ^Prepared from the remainder of the ^vashed precipi- 
tate of coagulalctl albumin. This was dbsohed in ,v 5 HCl rc*c..eT 
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exactly as described ' 
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-y per cent saline4rc 1 / ' ' | ' / i 

• ^ .000 dilutions of ^ntte^.! 

albumin showed no • • serum, negative, 

^lutfonon S '■" 

because i exactly as did th it reacted i 

albumts tie 

an ^tudy their interactions*^”^^^^^^ reversed aceto 
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albumin’ ^'i’^^rence^betwer” the precipith 

identimi 7 ^°t proof of a ^ «at 7 ve and reversed serum 

molecule’ 1?'^ 'Evidence that thev P™ prolcins .ire 

“fccule rvhrch evert the spec ™‘ d^^v m thepoilions oi ,l,c 
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It seems reasonable when one considers the delicacy of the biological 
method employed to suppose that, if the reversed protein is not identi- 
cal in all parts of its complex molecule with the native alb umin , it is 
closer, at least, to the native than the denatured state. This is sug- 
gested by the failure to form a coctoprecipitin by the reversed alb umin 
and its production of a precipitin indistinguishable from that produced 
by the native albumin. 

There are also possible applications of these results in imm unnlng^^-. 
It is apparent how carefully any antigen such as horse serum must be 
described in terms of hydrogen ion activity, for it would be obviously 
useless to compare a native with a denatured serum if the latter had 
been exposed to such conditions of pH as to result in reversal of the 
denaturation. Furthermore, the marked changes in antigenic proper- 
ties produced by the chemical manipulations involved in the reversal 
process may give some insight into the nature of immunological 
specificity, especially when more exact chemical and physical char- 
acterizations of native and denatured proteins become available. 

The author is indebted to Dr. Edvdn J. Cohn for helpful sugges- 
tions during the course of this research. 

CONCLUSION 

Native and reversed horse serum albumin are indistinguishable 
when tested immunologically by means of the precipitin reaction. 
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FURTHER OBSERVATIONS ON THE CULTIVATION OF ^'AC- 
CINE VIRUS FOR JENNERIAN PROPHYLAXIS IN JIAN 

By THOIMAS M, RIVERS, M.D., asd S. ]M. WARD 
{From the Hospital of The Rockefeller Insiitiite for Medical Research) 

(Received for publication, July 26, 1933) 

In 1913, Steinhardt, Israeli, and Lambert (1) demonstrated that 
vaccine virus is capable of multiplication in the presence of bits of 
viable tissue embedded in plasma. Although this work has been con- 
firmed by a number of investigators, ctiltures of vaccine Yims made by 
means of the cover-sh’p technique have proved of no value in the 
preparation of an active agent for Jennerian prophylaxis. In 1927, 
Carrel and Rivers (2) devised a method for the cultivation of vaccine 
virus in which bits of viable chick embryo tissue embedded in plasma in 
flasks were used. In 1928, Maitland and IMaitland (3) showed that 
they were able to grow vaccine \drus in a medium consisting of minced 
hen kidney suspended in a mixture of hen serum and TjTode’s solu- 
tion. In 1929, Rivers, Haagen, and Muckenfuss (4) demonstrated 
that cells remain viable for at least 5 days in a medium made accord- 
ing to Maitland’s directions. However, if the cells are killed by re- 
peated freezing and thawing, the medium no longer supports tlie mul- 
tiplication of \Irus. 

In a further search for a simple and safe method of cultivating vac- 
cine virus for human use, w^e de\Ised a high]}- satisfactory medium 
wLich consists of bits of minced chick embryo tissue (0.1 gm.) sus- 
pended in Tyrode’s solution (4-5 cc.) in “collar flasks.” In 1930, the 
results obtained with cultures of a neurovaccinc virus w'crc reported 
(5). In 1931, we described (6) our work with a dermal strain of vac- 
cine virus and reported that the culture \Irus had been successfully 
used for the vaccination of 3 children. In 1932, Herzberg (7) rcj>ortcd 
that he had been able to vaccinate human beings with virus cultivated 
in the manner described by us. Since our last report in 1931 we have 
continued our ob5cr\-ations, and it seems appropriate at this time to 
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Chaut 1. Graphic portrayal of the inlraclcrmal titer in rabbits of vaccine virus from difTcrent culture passages of the original, 
ht revived^ 2nd revived, and 3rd revived strains, 
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material from the 15th to the 70tli generations nodular lesions without 
hemorrhage and necrosis were excited. When the virus was spread 
on the scarified skin, however, typical vaccinal vesicles appeared. 
After the 73rd generation, only small flat red areas 1 cm. in diameter 
were seen at the points of intradermal inoculation of the virus. The 
erythema faded rapidly and was followed by a superficial scaling of the 
skin. Upon dermal inoculation of the virus, oifly a slight amount of 
redness and scaling wms produced which wms almost indistinguishable 
from that caused by scarification alone. In spite of the fact that ex- 
tremely mild and evanescent lesions were produced in rabbits with 
material from these cultures, vaccine virus was present in them as will 
be seen when tlie reaction induced by them in human beings is dis- 
cussed. 

Revival of the Activity of Culture Virus hy Means of Testicular 

Passages in Rabbits 

Inasmuch as vaccine virus for human use is usually tested in rabbits 
before distribution, we have attempted to obtain a culture strain that 
retains its pathogenicity both for man and rabbits. Consequently, 
when the titer of the culture virus for the rabbit began to fall, we 
passed the virus through several rabbits by means of testicular inocu- 
lations. With the passaged virus new cultures wure initiated. This 
procedure has been resorted to three times and the results are detailed 
below and portrayed in Chart 1. 

1 cc. of the pooled 34th generation cultures was injected into eacli testicle of a 
rabbit. After 4 daj's the testicles were removed aseptically and an emulsion was 
prepared. 1 cc. of this emulsion was then injected into each testicle of anot icr 
rabbit. This procedure was repeated until the virus had been passed tliroug 
rabbits. All of the animals had fev'er. The titer of the virus gradually increase 
and the intradermal lesions again assumed a hemorrhagic and necrotic cliaractcr. 
With testicular virus from tlie 6th rabbit new cultures were initiated and ha\c cen 
designated as the 1st revived strain. The titer of the first 14 generations o 
strain was 10“®, the intradermal lesions were edematous, 
rolic. Upon further passage of the virus in cultures the titer gradual!,' fe I 
1) and the character of the lesions changed from hemorrhagic and necrotic 
nodular. _ . 

1 cc. of the pooled cultures of the 31st generation of the 1st revuved strain 
injected into each testicle of a rabbit. After 4 days the testicles were remo' c( 
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an emulsion was made. 1 cc of tMs emulsion was injected into each testicle of 
another rabbit. This procedure was repeated until the virus had been passed 
through 3 rabbits. All of the animals had fever and t>T)ical vacdnal reactions in 
the testicles. Testicular virus from the 3rd rabbit was used to start a new set of 
cultures that has been designated as the 2nd revived strain. The titer of this 
strain has remained around 10^ for 60 culture generations. Although the titer 
has not fallen to any great extent (Chart 1), the intradennal lesions have become 
less hemorrhagic and more nodular. 

Repeated passages of vaccine virus in the culture medium used in 
this work appear to decrease the titer of the active agents for rab- 
bits and to mitigate the severity of the lesions produced. We have 
been able in the manner described above to revive the culture strains 
by testicular passages in rabbits, and the 2nd revived strain seems to 
be fairly stable. It may be necessary, however, to repeat the proce- 
dure of revival several times more before a completely stable culture 
virus is obtained. 

The original culture strain (Chart 1) was carried for more than 2 
years without being revived by passage through rabbits. The SSth 
culture passage produced little or no reaction in the skin of a rabbit 
yet produced typical vaccinal reactions in the skin of 2 children. It 
seemed of interest to find out if this culture could be re\dved by pas- 
sages through rabbits. 

1 cc. of the pooled cultures of the SSth passage (original strain) was injected into 
each testicle of a rabbit. The culture \'irus was also rubbed into the scarified skin 
and injected intradermall}'. Only a slight papule appeared at the point of intra- 
dermal inoculation and no definite \'accinal lesions were seen in the area of scarifi- 
cation during the 7 day period of obseiv'ation. The animal had no fever. Never- 
theless, the testicles were removed on the 4th day after inoculation and appeared 
practically normal. An emulsion of the testicles was made and 1 cc, of the 
emulsion was injected into each testicle of another rabbit. Dermal and inlradcr- 
mal inoculations were ako made. The testicles were removed on the 4th day and 
seemed slightly injected. At the point of intradcrmal inoculation a lesion, 1 
X 1 cm. in diameter, developed and 2 discrete pocks w‘crc seen in the area of dermal 
inoculation. The testicular \'irus v.*as passed to a 3rd rabbit that developed no 
fever. The testicles in this animal had the appearance of being aficctcd by a 
mild \*accinia. At the site of intradcrmal inoculation a lesion, 6 .x 5 cm. In diame- 
ter, developed, and 2 discrete pod^ were observed in the scarified sldn. T}:c 4th 
rabbit had fever, inflamed testicles, confluent \*acdnal eruption at the site of 
scarification, and an intradcrmal titer of the rirus of 10“^. The 5th rabbit had 
fever, inflamed tes tides, and an intradcrmal titer of the rinis of The 6th 
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rabbit had fever and the testicles were inflamed. From an emulsion of the tes 
tides of the 6th rabbit, cultures were initiated and have been designated as thi 
3rd revived strain. The titer of the 1st culture was of the 2nd lO'®, of the 
4th 10~®, and of the 7th 10“^ (Chart 1). 

From the facts presented above it appears that the 88th culture 
passage of the original strain of culture virus caused little or no reac- 
tion in rabbits. Upon repeated testicular passages in rabbits, how- 
ever, the virus gradually regained its pathogenicity for that host. 

TABLE I 


Summary of Results of Vaccinations in Man -with the Original Culture Strain 

of Virus 


No. of 
patients 

Culture 

passage 

Preservation of culture 

Results 

RcN’accitia* 
tion mth 
Nevr York 
City virus 

Time 

Manner 

1 

/ 5 

1 

mo. 

Glycerol at 

+3°C. 

-b 


X 

\io 

2 

days 

ft 

if 

+3°“ 

+ 


12 

11 

11 

<c 

ft 

it 

4-3° “ 



1 

11 

2 

wks. 

ft 

tt 

-1-3°“ 

+ 

— 

1 

11 

3 


C( 

tt 

-f3°“ 

+ 

-b 

1 

14 

6 

mos. 

Glycerol at ■ 

-10°C. 


1 

14 

19 

tc 

« 

tt 

-10°“ 

! + 


1 

42 

: 1 

hr. 

\ Glycerol at 

-1-3°C. 

+ 


1 

42 

1 

wk. 


tt 

-1-3°“ 

-b 


1 

42 

2 

wks. 

if 

tt 

-f3° “ 

+ 


1 

82 

1 

mo. 

it 

tt 

-1-3° “ 

-b 


1 

82 

39 

days 

ft 

tt 

-1-3° “ 

-b 


1 

86 

1 

hr. 

Without glycerol 

at -1-3°C. 

-b 


1 

88 

1 

ft 

<( 

tt 

“ -}-3°“ 

-b 


1 

88 

1 


it 

tt 

“ -{-3°“ 

-b 

--- 


Jemieriaii Prophylaxis in Man by Means of Culture Vnus 

Before discussing the effect that in vitro cultivation has on the ac 
tivity of vaccine virus in man it seems advisable to present in tabu aj 
form the results obtained in individuals vaccinated with culture 
With the original strain, 25 people have been inoculated (Tab c 
Of these, only 1 failed to develop a typical vaccinal lesion. 
the individuals who reacted to the culture virus were revaccina « 
with the New York City Board of Health virus and were founc 
refractory. With the 2nd revived strain (Table II), 77 people 
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TABLE n 


Summary of Results of Vaccinations in Man with the 2nd Revived Culture Strain 

of Virus 


No. of 
patients 

Culture 

Preservation of culture 

Results 

Revaedna- 
tion irith 
New York 
City ^-irus 

passage 

Time 

Manner 

1 
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1 mo. 

Glycerol at d-3'C. 
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ft if 1 ^0 ft 

4- 

— 

4 

42; 

1 “ 

it it y 30 ft 

2 + 






2- 


5 

43; 

2 wks. 
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TABLE ni 

Summary of Results of Vaccinations in Man with the 3rd Revived Culture Strain 

of riri/J 
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of 'ihe Kochefeller Institute for complete obsen'ation during 
of the vaccination. ITie other tvro-thirds vrere vaccinavcd b} ^ 
Schloss’ prophylactic clinic at the Cornell Medical Center an 
seen only once after inoculation. 

E^ccl of in Vitro Culli'cation on the Activity of Vaccine 1 

in Man 

With virus from the 5th, 10th, and 11th was 

original strain 15 children -were vaccinated. A positive 
obtained in each individual. The reactions were s ^gutlyi 
caused by the New York City Board of Health virus, Ijcen 

no more children v/ere vaccinated vdth the virus un ^ i 
passed through 42 successive sets of cultures. (pabb 

42nd, 82nd, 80th, and 88th sets of cultures were teste in 
J). In addition to this, virus from cultures of the 2n 
vived strains (Tables II and III) were employed for the ^ 
of a large number of children. Virus from these cultures ^i^jgincd 
age as high a percentage of positive reactions as that ho"’' 

vdth the New York City Board of Health virus. dn^-i 

(;ver, were milder than those caused by the Board o 
Ihe children had no fever and were in no way upset, n 
the results obtained with the culture virus were v\ith tb’ 

■During the course of the observations it was found 
later generations of culture virus an area of skin nrg 



THOMAS M. RIVERS A2^D S. M. WARD 


643 


usually advised had to be scarified in order to insure a positive reac- 
tion. Furthermore, it soon became e\ddent that fresh culture \drus 
(Tables I, 11, and III) can be used with complete safety. Such is 
not the case with green calf lymph. Moreover, in view of our ex- 
perience with the culture virus, we suggest that it be dispensed in 
cork-stoppered vials containing enough material for 10 vaccinations in- 
stead of in capillary tubes containing only sufficient virus for 1 inocu- 
lation. This suggestion is made because the culture virus contains 
a very small amount of particulate matter and it is believed that 
sooner or later the virus is adsorbed on these particles which in turn 
tend to adhere to the sides of the capillary tubes. Under these con- 
ditions difficulty is encountered in expressing the virus from the tubes 
and a low percentage of positive reactions is likely to be obtained. 

Yaccinalion hy Mea7is of Infradermal hijeciion of Culture Virus 

The results of intradermal vaccinations have been reported by a 
number of workers. The literature has been fully reviewed in a com- 
munication by Roberts (8). In spite of the favorable reports con- 
cerning the matter, most physicians have hesitated to use this method 
because of the fact that very few vaccine virus preparations are en- 
tirely free from living bacteria. Inasmuch as we had a bacteria-free 
vims that caused mild reactions upon dermal inoculation, we decided 
to see what it would do when injected intradermally into man. 

C. B. received intradermally 0.1 cc. of a 1-10 dilution of culture 422 that had 
been preserv'ed for 11 days in 50 per cent neutral glycerol at -r3°C. The first 
signs of a reaction were observed 9 days later and consisted of er>'theina and a 
slight amount of induration. The er>Theina spread and the induration increased 
for a few da^^s and then gradually disappeared. No pustule formed and no scar 
was left. The child was not sick or upset and had no fever. Upon re\'acdnation 
with the New York City Board of Health virus the child was found to be rcfractorj*. 

R. R. received intradermally 0.1 cc. of a 1-10 dilution of culture 422 that had 
been prcser\'ed for 1 month in 50 per cent neutral glycerol at -}-3®C. The first 
signs of a reaction were seen on the 7th day after inoculation. The course of 
events was practically the same as that described for C. B. vrith the exception that 
a \Qxy small vesicle formed where the needle was inserted in the sliin. Upon 
rc\’accination the child was found to be refractoiv. 

J. O'B. received intradermally 0.1 cc. of a 1-10 dilution of culture 44^ that had 
been prcsciv'cd without glycerol for 6 da>‘s at 4-3^C. The first signs of a reaction 
were observed on the 4 th day following inoculation. The course of events was the 
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volume in the tube was restored with sterile distilled water, and the 
resulting virus mixture was titered intradermally in a rabbit. The 
results are brought together in Table V and show that the dried \drus 

TABLE 


Effect of Storage on Titer of Culture Virus {14th Generation of Original Culture 

Strain) 



^ Stored at — 10®C. in cort-stoppered vials 

Stored at in cork-stoppered vials 

Time in 
storage 

Lqual volume of 
glycerol added 
to culture 

Equal volume 
of glycerol 
added to 
culture plus 
extra beated 
embrj'O tissue 

Equal volume 
of glycerol 
added to 
culture 
containing 
2^ per cent 
glucose 

Equal 
volume of 
gljxerol 
added to 
culture 

Eiqual volume 
of glycerol 
added to 
culture plus 
extra b»ted 
embrj'o tissue 

Equal volume 
of glycerol 
added to 
culture 
containing 
2^ per cent 
glucose 

Titer by caL 
culation be- 
fore storage 
1 day 

500,000 

1,000,000 

500,000 

500,000 

1,000,000 

500,000 

1 mo. 

100,000 

1,000,000 

1,000,000 

100,000 

1,000,000 

100,000 

3 mos. 

1,000,000 

1,000,000 

1,000,000 

100,000 

ioo,oooj 

1,000,000 

5 

100,000 

10,000 

10,000 

10,000 

10,000 

1,000 

1 >T. 

19 mos. 

10,000 

E. Ramon -f 

10,000 

10,000 

10,000 

10,000 

1,000 


TABLE V 

Effect of Storage at J7°C. on Desiccated Culture Virus {36th Generation of 2nd 

Revked Strain) 


Time of titration 


I nLm dermal titer 
in rabbits 


Before desiccation 


After desiccxition 

After storapc fnr 1 wk. nt 

if 

It 

“ 2 wks. ** 37° “ 

tt 

tt 

“ 3 “ " 37°‘‘ 

tt 

tt 

“4 “ “37=“ 

tt 

tt 

“5 “ “37°“ 


100,000 

100,000 

100,000 

1,000 

1,000 

1,000 

10 


maintained some of its activity for 5 weeks even at 37"C. In addition 
to this fact we have shown (Table II) that desiccated culture \irus 
restored to its original volume with 25 per cent glycerol pi'oducc^ 
U'pical vaccinal lesions in human beings. 
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Initiation of New Cultures fro??i Preserved Cultures 

If the cultivation of vaccine virus is to become a practical procedure, 
it is essential to know whether new cultures can be initiated with \drus 
from preserved cultures. Therefore, numerous attempts have been 
made to ascertain the facility with which new cultures can be success- 
fully seeded with virus from cultures that have been frozen and desic- 
cated or from cultures preserved with or without glycerol. We have 
experienced no difficulty in obtaining fresh cultures in this manner. 
For convenience a few of the results are shown in Table VI. 

DISCUSSION 

From the results of the work presented in this paper it is obvious 
that we have had no difficulty in cultivating a dermal strain of vaccine 
virus for a period of over 2 years in a medium consisting of bits of 
viable chick embryo tissue (0.1 gm.) suspended in Tyrode^s solution 
(4-5 cc.) in flasks. This medium was chosen because it is the least 
likely of aU media containing living cells to be contaminated with an 
unknown or an undesirable virus. It is also evident that culture 
virus has been successfully employed by us for Jennerian prophylaxis 
in man. It is hoped that our observations will tempt workers in vac- 
cine virus laboratories to try to adapt this or a similar method of 
preparation of the active agent for general use. In \dew of the purity 
of the virus prepared in this manner and since it causes such mild, 
yet effective reactions in man, it seems possible that much of the ob- 
jection to vaccination might be overcome and that the rare but occa- 
sional postvaccinal encephalitis might be rendered even more rare, or 
avoided wholly, by its use instead of that of calf l^mph. 

Attention should be focussed on the fact that repeated cultivation 
of vaccine \drus in the medium used b}’’ us gradually reduced the titer 
of the active agent for the rabbit and also led to an alteration in the 
t>pe of lesions produced b3^ the \nrus in that host. Indeed, the \nrus 
that had been cultivated for 2 ^-ears in the manner described induced 
little or no reaction in rabbits. Material from these cultures, how- 
ever, gave rise to t^'pical vaccinal pustules in man. This observa- 
tion appears to us to be of importance and among other things seems 
to indicate that a \'irus of a desired character for human use can be 
produced by culture methods. In \ncw of the findings presented at 
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this time, it is believed that the change in the activity of tlie virus for 
the rabbit was not due entirely — and perhaps not at all — to a gradual 
diminution in the amount of virus in successive sets of cultures, but 
to some alteration in the character of the virus itself. 

SUMMARY 

A dermal strain of vaccine virus has been passed through 99 suc- 
cessive culture passages. This procedure led to a diminution in the 
pathogenicity of the active agent for the rabbit. By repeated testicu- 
lar passages in rabbits, however, the virus regained its patliogenicity 
for that host. New cultures were initiated with the revived vims. 
A culture strain of virus that has been twice revived in tliis manner 
has remained fairly stable for the rabbit through 60 culture passages 
and it produces mild, yet effective vaccinal reactions in man. 

Virus in early cultures was not attenuated for man, but later cul- 
tures of the original strain and cultures of the 2nd and 3rd rewved 
strains produced mild reactions without fever and discomfort to the 
patients. Intradermal vaccinations with the culture virus are safe 
and satisfactory. 

With the culture virus 118 infants and children have been inoculated 
and in 100 of them a positive reaction occurred. The culture virus 
produced a refractory state to a standard dermal strain of caK lymph 
and vice versa. ^ 

Culture virus stored in 50 per cent neutral glycerol at — 10 C. or 
at -1-3°C. maintained a considerable amount of its activity for at least 
1 year. Desiccated culture virus sealed in tubes maintained some o 
its activity when stored at 37°C. for 5 weeks. ^ 

Fresh cultures can be initiated without difficulty from desiccatc( 
virus or from virus that has been stored witli or without glycero . 
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METHODS AND EFFECTS OF INCREASING THE URINARY 
CONSTITUENTS IN THE BODY 


By F. W.^ HARTMAN, M.D. 

{From the Department of Laboratories^ Henry Ford Hospital ^ Detroit) 

Plates 36 to 39 

(Received for publication, August 17, 1933) 

The approach to the problem of nephritis, through reducing the 
amount of functioning renal tissue to the minimum compatible with 
life, was first made, in 1898, by Bradford (1). The experimental 
animals died from asthenia and wasting in from 1 to 6 weeks after the 
excision of three-fourths of both kidneys, but no record was made 
regarding the gross or histological changes in the remaining bits of 
tissue. From 1918 to 1926, Allen (2) and his associates studied the 
phenomena of clinical kidney disease from the standpoint of quantita- 
tive deficiency of renal tissue after excising portions of the kidney's and 
after ligation of the renal vessels. By the removal of three-fourths of 
the renal tissue these investigators obtained reduction of the concen- 
trating power for urea and other nitrogenous substances; chlorides and 
ammonia; changes in the acid-base balance; polyuria; heightened 
blood pressure along with hypertrophy of the remaining kidneys tissue 
and usually of the heart. Apparently no objective information regard- 
ing the breakdoum of the kidney damaged by operation from func- 
tional overstrain was obtained because of the hypertrophy of the re- 
maining renal tissue. Both Bradford’s and Allen’s experiments fail 
to throw light on the etiology and progressive nature of chronic 
nephritis. 

In the course of the production of experimental chronic nephritis in 
dogs with deep x-ray (3), one pole of a kidney occasionally escaped the 
direct effects of the rays because of screening, and retained enough 
function to maintain life for from S to 12 months. However, the 
I'cnal insufficienc}" was invariably progressive and fatal. At autopsy 
the usual contraction and fibrosis of the renal tissue exposed to x-ray 
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dude that, “kidney injury is related to those digestion products of 
protein which vary both quantitatively and qualitatively with the 
type of protein eaten.” 

Methods 

In seeking a method of confirming and elaborating the etiology and 
progressiveness of renal insufficiency produced by x-ray nephritis 
where one pole of the kidney was protected, two procedures have been 

Dec. Jan. Feb. 



Chart 1, Curv^es of chlorides, total base, potassium, non-protein nitrogen, urea 
nitrogen, phosphates, CO 2 , calcium, creatinine during 6 weeks from time of cj-s to- 
ileostomy to death of animal. 


used. The first of these involved the use of ureteroduodenostomy used 
by Hinman (5), Hinman and Belt (6), and by Bollman and Mann (7) 
in combination with deep x-ray applied to the unanastomosed Iridney. 
By the application of deep x-ray to the unanastomosed kidney its 
functional hypertrophy was prevented and an increasingly high level 
of urinary constituents was maintained in the body. Ten such experi- 
ments were carried out and in all the successful ones marked degen- 
eration was obtained in the anastomosed kidney characterized by 
granular, vacuolar, and fatty changes in the tubules, especially the 
convoluted portions, and congestion of the glomerular tufts with hy- 
alinization of the capillaries and homogeneous material in the capsular 
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the lining intact and the wall of usual thickness. The ureters were of usual size 
and the wails were of usual thickness. The renal pelves showed no evidence of 
dilatation or infection so often seen in ureteral anastomosis. ^Microscopically 
there was frequently round and wandering cell infiltration of the epitheHum and 
underljdng stroma in the bladder. In a few instances similar infil tration was found 
in the ureter and pehds of the kidney but there was no extension into the paren- 
ch>Tna. The degenerative changes were similar in the cases showing infiltration 
and those that did not. 


Further Methods and Results 

The obvious possibility of ascending infection in both the ureteral 
and bladder anastomosis procedures led to continued investigation 
and the development of three additional procedures in which the 
possibility of contamination and infection from the intestinal tract 
was reduced. All the operations were done under ether anesthesia. 

Tlie first procedure consisted of completely isolating a loop of ileum and at the 
same time maintaining the continuity of the intestinal tract with a side to side 
jejuno-ileostomy. The mid-portion of the isolated loop, whose ends were inverted 
and brought together with a silk sutiire, was then anastomosed to the fundus of the 
urinary' bladder. The operation was done in one stage under ether anesthesia and 
the operative mortality was 40 per cent. This procedure was done on five animals, 
and of the three that survived the operation all showed marked enlargement and 
degenerative changes in the kidney as described in the c>*sto-ileo5tomy group. One 
animal linng 9 months after the operation showed more ad\’anced lesions character- 
ized not only bj’ granular, vacuolar, and fatty changes but in addition by replace- 
ment of tubules by fibrous tissue and e.xtensive h\'aiini 2 ation of the glomerular 
tufts (Fig. 5). 

The second procedure consisted of ureteral anastomosis to the gall bladder and 
subsequent application of deep .x-ra}- to the unanastomosed kidney. The anasto- 
mosis to the gall bladder, following the Coffey technic, vras done readily because of 
the thin \vall and the tough peritoneal coat. One of the animab showed sUght 
hydronephrosb although there was free drainage into the gall bladder. Neither 
dilatation nor thickening of the ureter vras present. The gall bladder was of 
usual size and the lining mucosa appeared normal. The anastomosed kidnev was 
larger than usual. The cortc.x was thicker than normal and graybh vellow in 
color. Microscopically degeneration of the tubular epithelium was marked and 
the glomerular tufts showed the characlerislic dilatation and engorgement of the 
glomerular tufts (Fig. 6). The unanastomosed kidneys which had been expo^^cd 
once directly to deep x-ray and four times through the abdominal wall showed the 
usual contraction and fibrosb. 

The third procedure was de\'bcd to allow the adminbt ration of urine, urine con- 
centrates, or s\'nthctic sail matures into the intestinal tract without disturbing 
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the urinary tract in any way. The simplest and most effective method proved to 
be to bring a loop of the upper end of the ileum through a short incision in the costo- 
vertebral angle under ether anesthesia. A side to side anastomosis was done 
leaving 8 inches of bowel in the loop and the muscle w'as closed through the lumen 
of the loop leaving the intestine immediately beneath the skin. The skin was 
aUow'ed to heal completely and then a small opening directly through skin and 
intestinal wall was made for the catheter. The animals were then placed in a 
sling and the desired solutions administered b}'’ the Murphy-drip. For the most 
part the concentrated human urine prepared and analyzed by Dr. 0. H. Gaebler 
was used. The method of concentration and composition is as follows: 

Method of Concentration . — ^Distillation took place in partial vacuum. The tem- 
perature was kept below SO°C. Distillation w'as discontinued when the urine had 
been concentrated more than ten times. The residue wms made up to one-tenth 
the original volume of the urine, and filtered from a precipitate of uric acid and 
earthy phosphates. 


TABLE I 


• 


Ammonia nitrogen i 

0.29 

Urea 

5.95 

Creatinine 

0.37 

Uric acid 

0.40 

Undetermined nitrogen 

0.50 

Total nitrogen 

7.15 


Result of analysis, in gm. per 100 cc. of concentrate. 


The inorganic salt composition is represented by the following mi-xturc, so turn 
bicarbonate being used to supply e.vcess of base over clfioride, sulfate, and p os 
phate found. 


TABLE II 


Potassium acid phosphate 

“ sulfate 

“ chloride 

Magnesium chloride (6 HjO) 

Calcium chloride (anhydrous) 

Ammonium chloride 

Sodium chloride ’ 

“ bicarbonate 

Total inorganic salts 

The results arc given in gm. per 100 cc. of concentrate, 
after a short time with precipitation of earthy phosphate. 


x«. 

0.9S3 

1.49S 

2,2SS 

0.2W 

0.135 

1.107 

6.202 

1.100 


13.515 

The solution clouds 
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From ISO to 250 cc. of concentrate usually produced acute toxic 
symptoms characterized by drooling of saliva, vomiting, diarrhea, par- 
tial suppression of urine, hyperpyrexia, elevation of the^ erythrocyte 
count, convulsions, and coma. Seven of the twelve animals m this 
series succumbed in from 6 to 24 hours during tins toxic state. In all 
the syndrome corresponds closely to that described by Andrews (8). 
Comparable toxic states were produced by inorganic salt mixtures 
compounded to resemble the urine concentrates, the same plus urea, 
and by 50 per cent urea solutions alone. 20 per cent urea solutions 
have been used by Streicher (9) intravenously for the production of 
uremia and uremic enteritis. He showed histologically marked paren- 
chymatous degeneration of both liver and kidney. 

After the urea solutions the coma was often prolonged for several 
days and there was more tendency to recovery than with either of the 
other solutions. The inorganic salt mixture plus urea was more po- 
tent in producing the toxic state than either the salt mixture alone or 
the urea alone. From 275 to 350 cc. of the 50 per cent urea solution 
were usually necessary to produce convulsions and coma. WTien a 
period of from 2 to 3 days was aUowed to interx'ene between adminis- 
tration, the animals seemed to build up a moderate degree of tolerance 
and su^ved amounts of the various solutions wMA were invariably 
fatal to animals of equal size in the first administration. Of the 
seven animals which succumbed after the first to third administration 
the autopsy data were comparable in all. 

The viscera were congested and the serous membranes vrere rather dr>-. Gray- 
ish yeUow spots of from 0.5 to 1 mm. in diameter were found over the surface of 
the liver. However, these were not seen deeper in the parcnchjTna. The kidnej-s 
on section showed the cortex streaked with gra>-ish yellow. The brain was wet 
and the convolutions were broad and flat. The meninges were for the most part 
infiltrated with blood. MicroscopicaUy the liver showed nurked granular and 
vacuolar changes similar to those described by Andrews and like those seen in our 
scries of cj'sto-ilcostomy c.xpcrimcnts. The kidneys showed mar>.cd congestion, 
nccrosb,dcsquamaUon,’and granular degeneration of the tubular epithelium in 
varying degree. The glomerular tufts were swollen and congested and there was 
often homogeneous pink staining material and blood in the capsular space (Fig. 7). 
The meninges showed marked dilatation and engorgement of the blood vcs.'^cls with 
extensive blood citrax’asation throughout. The brain cortex showed engorgement 
of blood vessels and edema. 
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of the glomerular tuft. No explanation for this damage, which applies 
equally to all these groups, has been found except the presence of 
excess of the normal excretory products in the body and their elimina- 
tion through the kidney. The mechanism of their effect on the renal 
tissue may also be considered in the light of these experiments. In 
Group 5 it has been shown that acute parenchjnnatous destruction of 
the kidney and often of the liver is produced by the administration of 
concentrated urine, salt mixtures, or the same plus urea, and urea alone 
into a loop of small intestine. The necrosis of renal tissue is so exten- 
sive in these experiments that it may be readily compared with the 
effect of mercuric chloride. At lower concentrations, continued over 
a period of months, an elusive nephrotoxic substance contained in the 
0.5 per cent imdetennined nitrogen may be considered, but there is no 
convincing evidence in all the experimental work published thus far. 
Correlating the suggestion of Andrews (8) and Streicher (9) that the 
liver is destroyed by the high concentration of salts in the blood and 
tissues vith the finding of similar vacuolar changes seen at times in 
all of the five groups presented here, it might be concluded that the 
renal destruction is due to the excretion of this liver protein. This 
contention may be supported by Newburgh’s (10) recent finding that 
liver is the most potent protein in the dietaiy’' production of nephritis. 
Further, the methods presented here of placing the urinary' constit- 
uents back into the blood involves direct passage to the liver through 
the portal circulation. The most striking changes noted in the blood 
chemistty in the experiments of long duration of aU groups is the eleva- 
tion in non-protein nitrogen and the reduction of the carbon dioxide- 
combining power of the plasma. However, the acidosis was not severe 
until late in the process, so that considering MacNider’s (11) demon- 
stration of the importance of the acid-base balance in the prcser\'ation 
of the function and anatomical structure of the kidney, it is not felt 
that acidosis was a large factor for damage. Newburgh and ^^arsh 
(12) have shown the importance of amino acids as nephrotoxic sub- 
stances, especially' cy'stine and try'ptophan, but in longer experiments 
presented here the amino acids of the blood at least were not elevated. 

The addition of large amounts of urea by Osborne, Mendel, Park, 
and Wintemitz (13), Addis, MacKay, and MacKay (14), Hinman (15), 
and Newburgh (10) to an otherwise normal diet planned to increase 
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EXPL.\NATION OF PL.\TES 
Plate 36 

Fig. 1. Photomicrograph, medium power, from protected pole of x-rayed kidney, 
13 months after administration of x-ray in animal d\’ing from renal insufiidencj’, 
showing marked granular degeneration and desquamation of the epithelium in 
some tubules with extensive fatty and vacuolar degeneration in others. The nuclei 
arc pyknotic in many instances. 

Fig. 2. Urinarj- bladder, ureters, kidnej*s, and intestines showing double anas- 
tomosis (fl) between bladder and distal end of ileum and (b) between proximal end 
of ileum and rectum. Duration of anastomosis 2 months with blood non-protein 
nitrogen of 80 mg. Cortex is thicker than usual with grajdsh yellow inner zone. 

Plate 37 

Fig. 3. Photomicrograph, medium power, 4 months after anastomosis. Albu- 
min in capsular space; dilatation and degeneration of capillaries; degeneration 
and desquamation of tubular epithelium. 

Fig. 4. Photomicrograph, medium power, showing degeneration and replace- 
ment of tubules 6 months after c>-sto-ileostomy. The capsular space is greatly 
daial and filled %vith homogeneous pink staining material while the glomerular 
tuft IS small, compressed, and atrophic. 
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Plate 38 

Fig. 5. Photomicrograph, medium power, from kidney where cj'sto-ileostomy 
was done. Shows marked degeneration of tubules and also considerable increase 
in interstitial tissue. The capsular spaces are dilated and the glomerular tufts 
small and atrophic. 

Fig. 6. Photomicrograph, medium power, showing extensive granular and toc- 
uolar degeneration of the tubular epithelium in the kidney after cholecysto-uretcr- 
ostomy. 

Plate 39 

Fig. 7. Photomicrograph, medium power, from kidney’’ of animal succumbing 
to the administration of 250 cc. of concentrated urine, showing extensive necrosis 
of the tubular epithelium which resembles the effect of heavy metals. 

Fig. 8. Photomicrograph, medium power, from kidney’ of animal to which con- 
centrated urine had been administered over a 6 month period, showing dilated 
tubules and granular degeneration of tubular epithelium with desquamation of the 
same. 
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CULTIVATION OF PSEUDORABIES VIRUS 

By ERICH TRAUB, V.3SLD. 

{From ike Department of Animal and Flani Pathology of The Rockefeller Insiilntefor 
Medical Research, Pri72ceto?z, N, /.) 

Plate 40 

(Received for publication, Julj'' 26, 1933) 

All attempts at the cultivation of pseudorabies virus reported in 
the literature have been unsuccessftd. Aujeszky (1) who first de- 
scribed the disease in 1902, Zwick and Zeller (2), Schmiedhofifer (3), 
Bertarelli and Melli (4), and others were imable to grow the causative 
agent on lifeless media aerobically or anaerobically* Sangiorgi (5) 
attempted to cultivate pseudorabies virus by the method devised by 
Flexner and Noguchi (6) for the cultivation of the globoid bodies in 
poliomyelitis. The first series of Sangiorgi’s cultures was still in- 
fectious after 8 days’ incubation at 37°C. The first series of sub- 
cultures, however, was inactive after 15 days’ incubation. 

Since pseudorabies virus in all its qualities is a typical represent- 
ative of the filtrable viruses, some of which have been successfully 
cultivated in the presence of living cells, an attempt was made to 
grow it in this manner. 

Pathogenic Properties of the Virus Studied 

The Hungarian strain of pseudorabies virus was used in our aYperiraents. In 
1930 a sample of this strain had been sent to Dr. Shope by Prof. A. Aujeszky of 
Budapest. Since then the virus has been maintained by rabbit passage and stor- 
age in glycerol. 

\Mien injected subcutaneously into rabbits and guinea pigs pseudorabies vims 
causes a regularly fatal disease. Rabbits are considerably more susceptible than 
gninea pigs. In both species a characteristic sjmptom constantly present after 
subcutaneous infection is pruritus, which leads to repeated biting, scratching, and 
consequent mutilation of the skin at the site of inoculation. The incubation period is 
horn 2 to 3 da}'s and death usually occurs in from 12 to 24 hours after the onset 
of the first smptoras. More detailed descriptions of the clinical picture in 
pscudorabies arc given by Aujeszky (I), Zwdek and Zcllcr (2), SchmiedhofTcr (3), 
Shope (7). 
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^Vhile all authors have found both rabbits and guinea pigs suscepti- 
ble to pseudorabies, their findings in regard to its pathogenicity for 
mice have been at variance. 


Aujeszky (1) found mice to be less susceptible to the virus than rabbits, dogs, 
and guinea pigs. Schmiedhoffer (3) calls gray mice more susceptible than white 
ones. Von Ratz (8) could infect white mice by feeding tlie \arus. The incubation 
period after this mode of infection was ver}' long, 6 to 15 days. In Isobolinski 
and Patzewitsch’s (9) experiments mice were susceptible to pseudorabies. The 
incubation period in white mice was 3 to 4 daj's. Zwick and Zeller (2) could not 
infect white mice by subcutaneous, intramuscular, or intraperitoneal injections of 
virus. In Shope’s (7) experiments with the Iowa ("mad itch”) strain of pseudo- 
rabies virus white mice developed fatal infections regularly from intracerebral 
inoculation, irregularly from intraperitoneal infection, and never from subcutane- 
ous injections. Burggraaf and Lourens (10), using pseudorabies wus from an out- 
break in Holland in 1932, could not infect mice b}’' intraperitoneal or subcutaneous 
injection. Unless there are variations in the susceptibility of white mice used by 
different laboratories to pseudorabies virus the different results obtained by the 
authors mentioned above, who worked largely with the Hungarian strain, cannot 
be explained. 


Since it was intended to use white mice for the titration of the 
virus, it was necessary to know whether our mice were regularly sus- 
ceptible to the Hungarian strain of pseudorabies virus or not. 


In a preliminary experiment it was found tliat white mice die regular!)' in a to 
4 days after a sufficiently large dose of virus administered intraperitoncall) • 
intraperitoneal route of infection was preferred to the intracerebral one, since a 
greater amount of fluid could be injected in this way and therefore the ( o^agt 
could be regulated more accuratel)'. 

The disease in mice was found to be as constantly fatal as in guinea 
pigs and rabbits. WTien approximately 9/10 of the inoculum '^as 
injected intraperitoneally and 1/10 subcutaneously at the same site, 
70 to SO per cent of the mice showed the sjanptoms characteristic m 
rabbits and guinea pigs after subcutaneous injection: active i 
and scratching, leading to self-mutilation at the site of^ m'V'Io 
or some other place on the body surface. The mice which 
develop pruritus showed a greatly accelerated respirator}' rate, f 
nea, and salivation. After some e.xperience with the disease m 
it is not difficult to establish the clinical diagnosis in every’ case. 

In Table I the results of a titration of rabbit brain pscucof^ 
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subcutaneously at the same site. Wlien, for comparison, the titer of the fluid and 
tissue portions of cultures was determined, they were centrifuged, following which 
the supernatant fluid was pipetted ofl and divided into two equal parts. The 
tissue was groxmd with sand and one-half of the supernatant fluid was added to 
obtain a suspension which could be injected. Decimal dilutions of this suspension 
and of the other half of the supernatant fluid were tested in mice. As a rule, 
several cultures of a serial passage were used for titration to lessen the effect of 
variations in virulence of single cultures. The results of the cultivations are given 
in Table II. 

The virus was cultivated uninterruptedly for 12 serial passages. 
The cultures of Series XIII were inactive when tested in mice. In 
this series media were used which had been stored in the refrigerator 
for 6 days prior to inoculation. It is likely that the cells in the me- 
dium had died during this time and were no longer suitable for the 
multiplication of virus. 

To determine whether the virus had actually disappeared from the 
cultures or whether its pathogenic properties for mice had been 
altered, subcultures were made and tested in guinea pigs and rabbits 
by subcutaneous and intracerebral inoculation. These animals 
developed no illness. The guinea pigs, when tested for immunity 3 
weeks later, succumbed to the disease. 

A new set of cultures (Xa) was inocidated from the cultures of 
Series IX which had been stored in the refrigerator for 21 days after 
incubation and proven to be stiU \drulent for mice. The virus was 
then carried through 20 further serial culture passages. The cul- 
tures of Series XXXI were contaminated by bacteria and a\’irulent 
for mice. Therefore a new series of cultures (XXIXa) was started 
from Series XXVIII, the cultures of which had been kept in the refrig- 
erator for 5 days. After the virus had been cultivated in 4 more 
serial passages the experiment was discontinued. 

The titer of the serial cultures fluctuated considerabty, as Table I 
shows. The reason for this fluctuation is not knov-n. It is note- 
worthy that, while 1 cc. of the cultures of Series XXIX failed to 
infect a guinea pig by subcutaneous inoculation, 0.4 cc. of the same 
cultures contained enough \"irus to infect subcultures. The tissue 
portion of the cultures of Series XXV* reached the titer of at least 
1:1 million, which is almost incredibly high for pscudorabics. In all 
cultures fractionally titrated the tissue portion contained consid- 
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(Andrewes (12, 13)), and herpes virus (Andrewes (14)) can be culti- 
vated in vitro in series in minced rabbit testicle suspended in rabbit 
serum and Tyrode solution. 

Preparation of Media Used 

The testes of a healthy adult rabbit were removed aseptically, ^Yashed twice in 
physiological salt solution, and finely minced with long scissors on a watdi-glass 
contained in a Petri dish. The tissue pulp in amounts of 100 to 150 mg. was dis- 
tributed with a large loop or by wide mouth pipettes to 50 cc. Florence flasks. The 
flasks were closed with cotton plugs covered with a layer of tin-foil. As a nile, 
2 cc. of rabbit serum (mixtures of sera from several normal rabbits were used) and 
2 cc. of T3Tode solution prepared according to the formula given by Fisdicr (15) 
were added at once to the tissue pulp. The flasks w^ere then slightly shaken to 
distribute* the tissue fragments equally in the fluid. Sterilization of the serum and 
T^Tode solution had been effected by passage through Berkefeld N or W filters. 
The cultures of each serial passage were made up in duplicate or triplicate. From 
the testes of every rabbit killed for tissue, enough media for two or three culture 
series was usually made up. Uninoculated culture flasks were stored in the re- 
frigerator, at approximatel}'^ +4°C., until needed. 


Course of the Serial Cnltimiio7i 

Each flask of Culture Series I was inoculated with 0.3 cc. of a 10 per cent brain 
emulsion from a rabbit that had died of pseudorabies following intraccrebra 
inoculation. Subcultures were inoculated with 0.4 cc. of tlie cultures of the prccc 
ing series. Thus the dilution factor in the serial culture passages was about 1 . 
The inoculum usually contained a number of small tissue fragments which ^^crc 
drawn into tlie pipette with the fluid. After inoculation the flasks were eitlicr pu 
into tlie refrigerator for 1 hour according to the method of Carrel (16), or 1 
into the incubator after it had been found that storage in tlic refrigerator prmr^ 
incubation was not necessary. This observation agrees with Ajidrci\ei 
findings concerning Virus III. Incubation was carried out at 37 C. for 
unless otherwise stated. After incubation the cultures w'ere 
and contaminated cultures were discarded. The presence of the rirus in cu 
was determined b}^ subcutaneous injection of 1 cc. of cell-containing cu turc 


into a guinea pig or a rabbit. . . . r vhok 

The titer of the cultures Avas determined by injecting decimal dilutions 
ground cultures or culture fractions into white mice. Before the titration o ^ 
cultures the fluid and tissue %vere carefully separated. The tissue fragmen 
ground with a small amount of sand in a mortar and then the fluid portion 
added. From the suspension thus obtained decimal dilutions were ma^ 
physiological salt solution. A fresh pipette was used for every dilution, ^ 
which was injected into one or two mice, 9/10 of the dose intrapentonea y, 
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subcutaneously at the same site. WTien, for comparison, the titer of the fluid and 
tissue portions of cultures was determined, they were centrifuged, following which 
the supernatant fluid was pipetted o2 and divided into two equal parts. The 
tissue was ground with sand and one-half of the supernatant fluid was added to 
obtain a suspension which could be injected. Decimal dilutions of this suspension 
and of the other half of the supernatant fluid were tested in mice. As a rule, 
several cultures of a serial passage were used for titration to lessen the effect of 
variations in virulence of single cultures. The results of the cultivations are given 
in Table 11. 

The virus was cultivated uninterruptedly for 12 serial passages. 
The cultures of Series Xm were inactive when tested in mice. In 
this series media were used which had been stored in the refrigerator 
for 6 days prior to inoculation. It is likely that the cells in the me- 
dium had died during this time and were no longer suitable for the 
multiplication of virus. 

To deter min e whether the virus had actually disappeared from the 
cultures or whether its pathogenic properties for mice had been 
altered, subcultures were made and tested in guinea pigs and rabbits 
by subcutaneous and intracerebral inoculation. These animals 
developed no illness. The guinea pigs, when tested for immunity 3 
weeks later, succumbed to the disease. 

A new set of cultures (Xa) was inoculated from the cultures of 
Series IX which had been stored in the refrigerator for 21 da}^ after 
incubation and proven to be still virulent for mice. The virus was 
then carried through 20 further serial culture passages. The cul- 
tures of Series XXXI were contaminated by bacteria and a\nrulent 
for mice. Therefore a new series of cultures (XXIXa) w’as started 
from Series XXATII, the cultures of which had been kept in the refrig- 
erator for 5 days. After the virus had been cultivated in 4 more 
serial passages the experiment was discontinued. 

The titer of the serial cultures fluctuated considerably, as Table I 
shows. The reason for this fluctuation is not known. It is note- 
worthy that, while 1 cc. of the cultures of Series XXIX failed to 
infect a guinea pig by subcutaneous inoculation, 0.4 cc. of the same 
cultures contained enough \drus to infect subcultures. The tissue 
portion of the cultures of Scries XXV reached the titer of at least 
1:1 million, which is almost incredibly high for pscudorabics. In all 
cultures fractional^ titrated the tissue portion contained consid- 
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(Andrewes (12, 13)), and herpes virus (Andrewes (14)) can be culti- 
vated in vitro in series in minced rabbit testicle suspended in rabbit 
serum and Tyrode solution. 

Preparation of Media Used 

The testes of a healthy adult rabbit were removed aseptically, washed twice in 
physiological salt solution, and finely minced with long scissors on a watdi-ghss 
contained in a Petri dish. The tissue pulp in amounts of 100 to 150 mg. was dis- 
tributed with a large loop or by wide mouth pipettes to 50 cc. Florence flasks. The 
flasks were closed with cotton plugs covered with a Ia 3 >'er of tin-foil As a rule, 
2 cc. of rabbit serum (mixtures of sera from several normal rabbits were used) and 
2 cc. of Tyrode solution prepared according to tlie formula given by Fischer (15) 
were added at once to the tissue pulp. The flasks were then slightly shaken to 
distribute" the tissue fragments equally in the fluid. Sterilization of the serum and 
Tyrode solution had been effected by passage through Berkefeld N or W filters. 
The cultures of each serial passage were made up in duplicate or triplicate. From 
tlie testes of every rabbit killed for tissue, enough media for two or tlirce culture 
series was usually made up. Uninoculated culture flasks were stored in the re- 
frigerator, at approximately +4°C., until needed. 


Course of the Serial CnUivaiion 

Each flask of Culture Series I was inoculated with 0.3 cc. of a 10 per cent brain 
emulsion from a rabbit that had died of pseudorabies following intraccrebrn 
inoculation. Subcultures were inoculated with 0.4 cc. of tlie cultures of the prccc 
ing series. Thus the dilution factor in the serial culture passages was about ^ 
The inoculum usually contained a number of small tissue fragments which i\cre 
drawn into tlie pipette with the fluid. After inoculation the flasks were cither pu 
into tlie refrigerator for 1 hour according to the method of Carrel (16), or dircet ) 
into the incubator after it had been found that storage in the refrigerator prmr u 
incubation was not necessar 3 ^ This observation agrees with 
findings concerning Virus III. Incubation was carried out at 37 C. for 
unless otherwise stated. After incubation tlie cultures were tested for stcr 
and contaminated cultures were discarded. The presence of the virus in cu 
was determined b}^ subcutaneous injection of 1 cc. of cell-containing cu turc 


into a guinea pig or a rabbit. , , . 

The liter of the cultures w'as determined by injecting decimal dilutions o^ 
ground cultures or culture fractions into white mice. Before the titration ^ 
cultures the fluid and tissue were carefully separated. The tissue fragmen 
ground with a small amount of sand in a mortar and then the fluid 
added. From the suspension thus obtained decimal dilutions 
physiological salt solution. A fresh pipette was used for ever}' dilution, ^ ^ 
whidi was injected into one or two mice, 9/10 of the dose intrapcntone.. >r 
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subcutaneously at the same site. WTien, for comparison, the titer of the fluid and 
tissue portions of cultures was determined, they were centrifuged, following which 
the supernatant fluid was pipetted ofl and divided into two equal parts. The 
tissue was ground with sand and one-half of the supernatant fluid was added to 
obtain a suspension which could be injected. Decimal dilutions of this suspension 
and of the other half of the supernatant fluid were tested in mice. As a rule, 
several cultures of a serial passage were used for titration to lessen the effect of 
\^riations in vinflence of single cultures. The results of the cuiti\^tions are given 
in Table n. 

The virus was cultivated uninterruptedly for 12 serial passages. 
The cultures of Series Xm were inactive when tested in mice. In 
this series media were used which had been stored in the refrigerator 
for 6 days prior to inoculation. It is likely that the cells in the me- 
dium had died during this time and were no longer suitable for the 
multiplication of virus. 

To determine whether the virus had actually disappeared from the 
cultures or whether its pathogenic properties for mice had been 
altered, subcultures were made and tested in guinea pigs and rabbits 
by subcutaneous and intracerebral inoculation. These animals 
developed no illness. The guinea pigs, when tested for immunity 3 
^eeks later, succumbed to the disease. 

A new set of cultures (Xa) was inoculated from the cultures of 
Series IX which had been stored in the refrigerator for 21 da}’s after 
incubation and proven to be still virulent for mice. The \’irus w^as 
then carried through 20 further serial culture passages. The cul- 
tures of Series XXXI were contaminated by bacteria and avirulent 
for mice. Therefore a new series of cultures (XXIXa) was started 
from Series XXVIU, the cultures of which had been kept in the refrig- 
erator for 5 days. After the \nrus had been cultivated in 4 more 
serial passages the experiment was discontinued. 

The titer of the serial cultures fluctuated considerably, as Table I 
shows. The reason for this fluctuation is not kno^vn. It is note- 
^vorthy that, while 1 cc. of the cultures of Series XXEv failed to 
infect a guinea pig by subcutaneous inoculation, 0.4 cc. of the same 
cultures contained enough \nrus to infect subcultures. The tissue 
portion of the cultures of Series XXV reached the titer of at least 
1-1 million, which is almost incredibly high for pseudorabics. In all 
cultures fractionally titrated the tissue portion contained consid- 
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erably more virus than the fluid portion (see Series XX, XXV, 
XXVII, and XXXIa in Table II). The tissue could not be freed 
from virus by repeated washing. 

In Table III the results of the titration of the cultures of the last 
series with rabbit testicle tissue are given as an example of the titra- 
tion of cultivated virus. 

Various factors governing the growth of the pseudorabies virus in 
cultures were studied in the following experiments. 

TABLE ni 


Titration of Cultures of Series XXXIl in Mice 


Mouse No. 

(Scries 33) 

Dose (ground culture 
suspension) 

Result 

1 

cc, 

1.0 

Died in 79 Iirs. 

2 

0.1 

it it PQ o 

3 

0.01 


4 

0.01 

No illness 

5 

0.001 

if ti 

6 

0.001 

if « 

7 

0.0001 

ll it 

S 

0.0001 

{< ti 


Amount of Tissue Required 

Rivers (17)^ and Rivers and Ward (18) observed that too large 
amounts of tissue in cultures of vaccinia virus inhibited or proven cf 
the multiplication of the virus. For pseudorabies virus the same 
seems to be true, although this virus requires a somewhat greater 
amount of tissue than does vaccinia virus. In Experiment 4( a) 
IV) the virus did not multiply in Culture 1 containing 805 mg. 
whereas the titer of the control culture (135 mg. tissue) inocu a ec^ 
from the same source was at least 1 : 1,000. In cultures whic con^ 
tained from 12 to 270 mg. tissue, and w'hich were inoculated wt ^ 
usual amount of culture material, the virus readily multiphcc . 


^ According to a personal communication from Dr. Riv'crs, there >. 

in his paper on “Cultivation of vaccine virus for jennerian prophyl.a-’'’-’ 

J. Exp. Med., 1931, 64, 454, line 30: instead of reading “approximate) ^ 

minced chick embryo tissue,” the passage should read “approximate!) ■ F 
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relationship seems to exist between the amount of tissue in a culture 
and the amount of inoculum used in infecting it: the smaller the 
amount of inoculum, the greater the amount of tissue required in the 
culture to insure infection (Experiments 1 and 2, Table IV). 

Amount of Serum Required 

That rabbit testicle culture medium must contain serum in order 
to support growth of pseudorabies virus was shown by three unsuccess- 

TABLE V/ 


Influence of the Amount of Tissue in Cultures on the Multiplication of Pscudorahies 

Virus 


Experiment No. 

cc. 

Inoculum 

Culture passage 

Culture Ko. 

Amount of 
tissue 

Titer for mice 





ms. 


1 

0.1 

IX 

1 

130 

1:100 




2 

50 

A\drulcnt 




3 

10 

(C 

2 

0.1 

xma 

1 

270 

<1:1,000 




2 

140 

1:100 




3 

10 

1:10 


0.4 

xnia 

4 

210 

1:1,000 




5 

82 

1:1,000 




6 

12 1 

1:1,000 

3 

0.4 

XIa 

1 1 

180 

1:1,000 




2 

90 

1:100 




3 

10 

1:100 

4 

0.4 

XV 

1 

805 

A\*irulent 




2 

135 

<1:1,000 


ful attempts to grow the \drus in rabbit testicle tissue suspended in 
T>Tode solution without rabbit scrum, according to the method of Li 
and Rivers (19), 

In the first cxpcnment a medium consisting of 100-150 mg. minced rabbit 
testicle suspended in 4 cc. Tyrode solution was inoculated with 0.5 cc. of a 10 per 
^nt suspension of %drulent rabbit brain. After the cultures had been incubated 
for 3 days at 37°C. they were a\nrulcnt for guinea pigs. 
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amounts of tissue in cultures of v observed that too large 

6 multiplication of the vi ^^mia virus inhibited or prevented 
seems to be true, although P^^^^^^^bies virus the same 

amount of tissue than dole requires a someu'hat greater 

I'O the virus did norJuZr-"T ^.x-Periment 4 (Tabic 

''•hereas the titer of tlie cl„f '? ’ oo”‘'‘™inS 805 tissue, 

from the same source wat; mg. tissue) inoculated 

tained from 12 to 270 mv f‘ ^•frOOO. In cultures which con- 

usual amount of cnlfnr^ whidi were inoculated ufth the 
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' '. 1931, 64, 454 ),■„ 'irus for Jennerian prophvlaiis in ma.n.” 
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In the second experiment culture virus^ was used as inoculum for the 1st series 
of cultures. The virus was still demonstrable in the 2nd series of subcultures. 
The 4th, 5th, and 6th series of subcultures were avirulent. The virus could appar- 
ently multiply in the cultures of the first 2 series because they contained traces of 
serum from the inoculum. When the amount of serum introduced in this way had 
reached a certain dilution, multiplication of the virus was no longer possible. In 


TABLE V 

Influence of the Ratio of Rabbit Serum to Tyrode Solution in Cultures on thcMuUipH- 


cation of Pseudorabics Viru^ 



Ratio 

of 


Test for virulence and titer of serial passages 

Culture series 

serum 

to 

Tyrode 

solution 

CC, 

Culture 

passage 

1st passage 

2nd passage 

3rd passage 

•Uh passage 

a 

1:1 

0.4 

XX 


• 

• 

<1:1,000 

b 

1:3 

0.4 

XX 

1 CC. sx. 
Guinea 
Pig 870. 
Died in 58 
hrs. 

1 CC. i.p. 
in mouse. 
Died in 51 
hrs. 

• 

<1:1,000 

c 

1:9 

0.4 

XX 

• 

• 

• 

1:100 

d 

1:49 

0.4 

XX 

• 

• 

• 

1:100 

e 

1:99 

0.4 

XXV 

1 cc. i.p. in 

2 mice. 
Died in 92 
and 112 
hrs. 

• 

1 cc. i.p. in 

2 mice. 
No illness 


f 

1:999 

0.4 

XXV 

1 cc. i.p. in 
mouse. 

Died in 68 
hrs. 

• 

1 cc. i.p. in 

2 mice. 

No illness 


g (control 
for c and 

f) 

1:3 

0.4 

XXV 

• 

• 

1 cc. i.p. in 
mouse. 
Died in 93 
hrs. 



* • = not tested; s.c. = subcutaneously; i.p. = intraperitoneall>. 


control cultures containing 2 cc. rabbit serum and 2 cc. Tyrode solution the 
rcadil}^ multiplied. 


'tr3 


^ By '^culture virus” is meant pseudorabies virus that has been j 

by the methods of cultivation described. The term “culture 
distinction to the term “brain virus” by which is meant pseudora vi* 
the brain of an animal dead following cerebral infection. 
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The third experiment was carried out similarly. The 1st series of 
subcultures was still virulent; the 2nd series, however, was avirulent. 

An attempt was then made to determine the ratio of serum to Ty- 
rode solution most favorable to the multiplication of the virus. The 
results of these experiments are recorded in Table V. 

The virus multiplied best in cultures in which the ratio of serum 
to Tyxode solution was 1: 1 and 1:3. In cultures in which this ratio 
was 1:99 and 1:999, the virus could not be cultivated in series, al- 

TABLE vr 


Injltience of Time of Iiicuhaiion of Cultures on MuUiplicalion of Pseiidorahits Virus 


Experiment No. 

cc. 

Inoculum 

Culture passage 

Length ot time incubated 

Titer for mice 




dayz 


1 

0.4 

XHa 

2 

1:1,000 




3 ! 

1:100 




4 

1:100 

2 

0.4 

XV 

2 

1:1,000 




3 

1:1,000 




4 

Avinilent 




5 

a 




6 

It 

3 

0.4 

xxm 

1 

1:10 




2 

1:100 




3 

1:1,000 




4 

Avirulent 




5 

<r 




6 

cc 


though it multiplied in serial control cultures containing 1 part serum 
to 3 parts Tyrode solution inoculated from the same source. During 
the serial cultivation of pseudorabies \nrus the impression was gained 
that 1 : 1 represented a more favorable proportion of serum to T>Tode 
solution than 1:3. 

Time of Iitcuhalion 

A number of cultures containing equal amounts of fresh tissue, 2 cc. 
rabbit serum, and 2 cc. T>Tode solution were inoculated from the same 
source and titrated in mice after \-arious periods of incubation at 37®C. 
The results are shown in Table Yl- 
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In Experiments 1 and 2 (Table VT) i-u , 
maximimi virus content after 2 dayl’ *''* 

after 3 dajV incubation. Incuba&n of f ? 3 

tie cultures in Experiments 2 an^r a ” ^ ® ““«««! 

aiown later, to the necrosis of the tiss, Pliably due, .is is 

vttus m series 2 days- incubation provr'to 

Maitland T ■ 

could be grown™ Carrel fesS in whftl'' tl'' '™ 

com 1 to 2 nun., it did not multinl ®e*ra '™ 

tie column of the fluid covering test-tubes when the height of 
conditions the respiration^ ®r nun. Under such 

Warburg, ceased after 24 by tiie method of 

believed that there wL a trrW /“ Tie authors 

the virus and the respiratorv the multiplioifion of 

medium. ■■“P.ratory activity of the cells contained in flic 

The gro^vth requirempnto /^r 

virus since multiplicatinn r ^ P^^^f^orabies virus differ from vaccinia 
rabbit testicle tisme susnonH^ "'5- minced 

rabbit serum in lono- test CNn solution and I cc. 

fluid overl3dng the t4ue was W 5-6 which the column of 

"X' t^rn!;? “ 

in 2 cc. rabbit serum jmdT^ rainced rabbit testicle tissue suspendcf 
refrigerator before innetU +• 3Tode solution could be stored in the 
In almost every nt;p rr. iniportance in these e.vperimcnfs. 

of virus after it hnri r. ^ v^ns still suitable for the multiplication 
inoculation refrigerator for 4 days prior to 

did not multiply in Culture Series XXTX, Table I) the virus 

5 days. In Culture ^ ^oli^had been kept in the refrigerator for 
been stored in tTio XIII a medium was used which h.ad 

in this medium aftcf^T'”''/” ® The virus became in.ic,ive 

media stored in fh e meubation. In four other e.xpcrimcnt.s 
these cases the viru! for 6 da^'s were tested. In two of 

tion, in the nfhor f longer demonstrable after 2 days’ incuh.i- 

the other two cases there was slight multiplication of the virus 
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In culture media which had been in the refrigerator for 7, 8, 9, and 10 
days prior to inoculation with virus, the virus did not multiply. 
Such cultures were inactive after 2 days’ incubation. In aU these 
experiments the virus mxiltiplied in control media which were fresh 
or had been kept in the refrigerator for from 1 to 4 days. The failure 
to grow in stored media is probably due to death of the tissue. 

Time of Stimval of Culture Virus in the Refrigerator 

Cultures of known \drulence were stored in the refrigerator for 
various periods of time and then again tested for their \drulence for 
mice. AU cultures' were stiU active after they had been kept in the 
refrigerator for from 1 to 15 days; after 19 days one culture out of two 
was avirulent; after 21 days three out of three cultures were stiU 
virulent. AU cultures which had been in the refrigerator longer than 
21 days were inactive. Subcultures could be made from cultures 
which had been stored in the refrigerator for 1, 2, 4, 5, 16, and 21 days. 

Histological Examination of Culture Tissue 

Freshly prepared culture media (100-150 mg. minced rabbit testicle suspended 
in 2 cc. rabbit serum and 2 cc. T>Tode solution) were inoculated with culture vdrus 
as usual and incubated for 1 , 2, 3, or 4 days. As controls, uninoculated media from 
the same source were incubated simultaneously for the same period of time. After 
incubation, pieces of tissue from the culture and control flasl^ were fixed in Zenker's 
or Allen’s fluid. Paraffin sections were made and stained with phloxin-methyicne 
blue or hematoxylin-eosin. Mouse inoculations in ever>' case showed that \’irus 
was present in those cultures from which pieces of tissue had been removed. 

Sections from cultures incubated for 1 day showed slight necrosis 
of the epithelium and ver>’’ little necrosis of the interstitium. In some 
interstitial cells the nuclear membranes were slightly h\perchromatic. 
No inclusions were seen. 

In sections from cultures incubated for 2 da\’S necrosis was more 
pronounced. The interstitium still looked fairly healthy, especially 
at the edge of the sections. Acidophilic intranuclear inclusions ap- 
peared in the interstitial cells of Leydig,[in endothelial cells of capilla- 
ries, and in connective tissue cells of the lamellar membranes of the 
tubules (Fig. 1). These inclusions resembled those described by Hurst 
(21) in many different kinds of cells of rabbits infectecl with pscudo- 
nibics. They were irregular in size, and, sometimes, in shape. Some- 
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serum and Tyxode solution, four attempts were made to grow pseudo- 
rabies virus under similar conditions. In two of these experiments, 
cell-free extracts of rabbit brain and rabbit testicle were added to the 
medium containing approximately 100 mg. minced rabbit kidney in 
2 cc. rabbit serum and 2 cc. Tyrode solution. The same tec hni que 
was followed as for the cultivation of the virus in testicular tissue. 
Tn none of the four experiments did pseudorabies virus multiply. 

Two experiments with min ced rabbit liver and one experiment with 
rabbit blood were equally unsuccessful. 

It may be recalled at this time that Andrewes (13) was unable to 
grow Virus m in media with minced rabbit kidney and liver as tissue 
constituents. 

CtiUivaiiou of Pseudorobies Virus in GuincdPig Tesiicls Medic 

After several unsuccessful attempts pseudorabies virus was culti- 
vated in series in minced testicle tissue taken from guinea pigs of 
about 500 gm. in weight and suspended in 1 cc. guinea pig serum 3 
cc. Tyrode solution. This ratio of serum to Tyrode solution appeared 
to be favorable to the multiplication of the virus. \^rus cultivated 
in chick embryo media (see below) was used to infect the cultures of 
the first series. After the 6th serial passage of the virus through the 
guinea pig medium the experiment was discontinued. VTien rabbit 
serum was substituted for guinea pig serum in this medium, the vnins 
failed to multiply. The pathogenic properties of pseudorabies virus 
cultivated in guinea pig testicle medium did not differ from that in 
rabbit testicle medium. The possibility of cultiv^ating pseudorabies 
virus in guinea pig testicle tissue will be made use of later, when an 
attempt will be made to grow the virus in tissue from guinea pigs 
immune to the disease. 

Cultivaiion of Pscudorabies Virus in Chick Ev:bryo Media 

Ten day chick embr^^’os were finely minced with scissors, after their 
eyes had been removed, and 100-150 mg. of the tissue pulp was sus- 
pended in 3 cc. T}Tode solution and 1 cc. sheep serum. The same 
technique was followed as for the cultivation of the virus in rabbit 
testicle tissue. Virus from the 30th culture series in rabbit testicle 
medium was used to start the cultures, and the results of the cxperi- 
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times they had well dejfined margins. Some nuclei contained several 
small inclusions, others a single large one. In inclusion-bearing cells 
and many others hyperchroma tosis of the nuclear walls was constantly 
present; such hyperchromatosis appeared also in sections from uninoc- 
ulated controls, but in them inclusions were never seen. WTien 
the inclusions were completely formed, there was a narrow free space 
between them and the nuclear membrane. In cells of the seminif- 
erous epithehum inclusions were never found. 

In cultures incubated for 3 days there was considerably more ne- 
crosis of the tissue. Inclusions were still present. 

The tissue of cultures incubated for 4 days was generally necrotic. 
The nuclei of the cells in which inclusions usually appeared ^Yere 
karyorrhectic. Inclusions were no longer distinct (Fig. 2). In 
sections from uninoculated control media the interstitium, after 4 
days’ incubation, still looked surprisingly healthy (Fig. 3). Tlie 
fact that tissues from cultures were always much more necrotic than 
those from uninoculated controls is attributed to the action of tlie 


virus. 


Intranuclear inclusions appeared in only about 60 per cent of the 
pseudorabies cultures examined histologically. The reason for this 
irregularity may be that, . in some cultures, not all of the many sma 
pieces of tissue become infected by the virus, and that uninfectcc 
tissue particles were picked out in those cases in which inclusions v ere 
not found. 

Inclusions of the same type and in the same kind of cells were a so 
found in vivo in the testis of a rabbit that had been infected intrates 
ticularly with virus from rabbit brain. The inclusions vere com 
pletely formed 24 hours after inoculation, that is, during the incu ation 
period. , , 

Many of the inclusion bodies in pseudorabies cultures are somen i« 
similar to those found by Andrewes (12) in rabbit testicle cu 
V^irus III. The Virus III inclusions, however, appeared in inters i 
sells exclusively. 

Attempts to Cultivate Pseudorahics Virus in Rabbit Kidney, 

Liver, and Blood ^ 

Since vaccinia virus was found by Maitland and Laing 
ithers to multiply in minced rabbit kidney tissue suspende in 
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serum and Tyrode solution, four attempts were made to grow pseudo- 
rabies virus imder similar conditions. In two of these experiments, 
cell-free extracts of rabbit brain and rabbit testicle were added to the 
medium containing approximately 100 mg. minced rabbit kidney in 
2 cc. rabbit serum and 2 cc. Tyrode solution. The same technique 
was followed as for the cultivation of the virus in testicular tissue. 
In none of the four experiments did pseudorabies virus multiply. 

Two experiments with minced rabbit liver and one experiment with 
rabbit blood were equally imsuccessful. 

It may be recalled at this time that Andrewes (13) was unable to 
grow Virus in in media with minced rabbit kidney and liver as tissue 
constituents. 

CuUivatio7i of Pseudorahies Virus m Gtmiea Pig Testicle Media 

After several unsuccessful attempts pseudorabies virus was culti- 
vated in series in min ced testicle tissue taken from guinea pigs of 
about 500 gm. in weight and suspended in 1 cc. guinea pig serum + 3 
cc. Tyrode solution. This ratio of serum to Tyrode solution appeared 
to be favorable to the multiplication of the virus. Virus cultivated 
in chick embryo media (see below) was used to infect the cultures of 
the first series. After the 6th serial passage of the virus through the 
guinea pig medium the experiment was discontinued. VTien rabbit 
serum was substituted for guinea pig serum in this medium, the 'vdrus 
failed to multiply. The pathogenic properties of pseudorabies \drus 
cultivated in guinea pig testicle medium did not differ from that in 
rabbit testicle medium. The possibility of cultivating pseudorabies 
virus in guinea pig testicle tissue will be made use of later, when an 
attempt will be made to grow the virus in tissue from guinea pigs 
immune to the disease. 

Culiivaiton of Pseiidorabies Virus in Chick Embryo Media 

Ten day chick embryos were finely minced with scissors, after their 
eyes had been removed, and 100-150 mg. of the tissue pulp was sus- 
pended in 3 cc. T>Tode solution and 1 cc. sheep serum. The same 
technique w^as followed as for the cultivation of the \'irus in rabbit 
testicle tissue. Virus from the 30th culture series in rabbit testicle 
medium was used to start the cultures, and the results of the e.xpcri- 
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ment, given in Table VII, show that pseudorabies virus multiplied 
in the chick embryo media. 

From the 5th passage in chick embrj^’O medium the virus was cultivated in both 
serum-containing (A) and in serum-free (B) media. The medium of Group A 
was the same as used in the previous culture series; while tlie medium of Group B, 
100-150 mg. of minced diick embr}''© tissue suspended in 4 cc. Tyrode solution, 
was the same as used by Li and Rivers (19) for the cultivation of vaccinia wrus. 


TABLE VII 


Cvliivaiion of Pseudorabies Virus ijj Chick Embryo Tissue 


No. of serial culture passage* 

Test for virulence 

Titer for mice 

Guinea pigs 
(subcutaneously) 

Mice 

(intraperitoneally) 

Ch. E. 

I 

•t 

+ 

• 

(( 

ii 

+ 

• 1 

• 

i( 

in 

+ 

• 1 

• 

i( 

IV 

1 • 

+ 

1:100 

C< 

V A 

1 

1 • 

+ 


{{ 

VB 

• 

+ 

• 

it 

VII A 

+ 

• 

• 

it 

VII B 

+ 

+ 

• 

it 

X A 

• 

+ 

1:10 

it 

XB 

• 

+ 

1:100 

it 

XII A 

+ 

• 

• 

it 

XII B 

+ 

• 

• 

4.1 

it 

XIII A 

• 

+ 

1:1 

a 

XIII B ! 

• 

+ 

1:100 

it 

XVI BJ 

+ 

• 

# 

1 « 

tc 

XIX B 

• 

+ 

0 


* Started from Transfer XXX in rabbit testicle medium. 


t • = not tested; + = virulent. 
t Series A discontinued. 


In the rabbit and guinea pig testicle media a certain amount of serum 
necessary to insure multiplication of pseudorabies virus, but in c i ^ ^ better 
tures serum was not necessar}". The growth of the virus vas ^j,.yo 

cultures whicli did not contain serum (Table \TI). The titer of t ic 
cultures^ on the average, was considerably lower than that of the ra 


V.’25 


cultures. . , 

After Culture Series Ch. E. XIII the cultivation in media , 5 ,.; 

discontinued. In serum-free media the virus was still under cu tiva lo 
paper was completed. 
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bryo medium, however, is the simplest, as it does not require serum, 
while the testicle media must contain a certain amoxmt of homologous 
serum to insure multiplication of the virus. In rabbit kidney tissue, a 
medium suitable for the cultivation of vaccinia virus, pseudorabies 
could not be grown. 

The pathogenic properties of pseudorabies virus were not altered 
during the 49 serial culture passages and there were merely quantita- 
tive differences between the cultivated virus and rabbit brain passage 
virus. This was to be expected from the experience of others, since, 
so far as we know, no filtrable virus has changed its pathogenic 
properties qualitatively during the course of its cultivation in vitro. 

SUM3JARY 

Pseudorabies virus has been cultivated in series in rabbit testicle, 
guinea pig testicle, and chick embryo media, and its growth require- 
ments have been studied. Intranuclear inclusions, similar to those 
produced by pseudorabies virus in viw, have been found in rabbit 
testicle cultures. The virus has not changed its pathogenic properties 
for rabbits, guinea pigs, or mice during the course of cultivation. 
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EXPLANATION OF PLATE 40 

Fig. 1. Section through a piece of rabbit testicle tissue from a culture incubated 
for 2 days. Intranuclear inclusions appear in interstitial cells. Heroatoxj’lin- 
eosin. X 1,033. 

Fig. 2. Section through a piece of rabbit testicle tissue from a culture incubated 
for 4 days. General necrosis. Chromatin has disappeared from the nuclei in 
the seminiferous tubule (right side of picture). Nuclei of interstitial cells kany’or- 
rhectic. Inclusions no longer distinct. Hematox>"lin-eo5in. X804. 

Fig, 3. Section through a piece of rabbit testicle tissue from uninoculated con- 
trol media incubated for 4 days. Necrosis much less advanced than in Fig. 2. 
Nuclei of seminiferous tubule (right side of picture) still contain chromatin. 
Interstitial cells fairly healthy. Nucleoli still visible. Hemato3:>’lin-eosin. 
X804. 
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THE ACTION OF TYPE^SPECIFIC HEMOPHILUS 
INFLUENZAE ANTISERUIM 

By jSL^GARET PITT]VL\N, Ph,D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, August 10, 1933) 

Li a pre\dous study (1) of type-specific strains of Heinophilus in- 
fluenzae, it was observed that the organisms of all the strains isolated 
from cases of ^^influenzal meningitis” were encapsulated, formed colo- 
nies which have been described as smooth, and produced a soluble 
specific substance which precipitated the homologous antiserum. At 
the time the above report was made, organisms from nine patients not 
closely associated had been studied, and all of the strains were similar 
and belonged to the group which has been designated as Tjpe b. 
This suggested that most, or at least the majority of, meningitis 
strains were of the same serological type. 

In 1922, Dr. T. M. Rivers concentrated broth cultures of tv»o meningitis strains 
and then removed from the concentrates the alcohol-precipitable fractions. 9 
years later, these fractions were given to the author to be tested immunologically. 
Solutions of the fractions from both strains were made, and in each solution a 
heav>" precipitate was formed v/hen T>*pe b antiserum only was added. This indi- 
cated, therefore, that the two strains studied by Dr. Rivers were also of the Type 
b group. 

It was mentioned pre\dously (1) that WoUstein (2), Povitsky and Denny (3), 
Rivers and Rohn (4), and others, found a considerable degree of immunological 
relationship among the strains isolated from cases of meningitis. There may be 
some question, however, whether the relationship which they noted was that 
based on the possession of the common soluble specific substance which we have 
described. Many of the strains had been isolated a number of months before 
they were immunologically tested, and as organisms of the S form usually tend to 
change to those of the R form with great rapidity, it is probable that some of their 
cultures contained only R forms. Furthermore, the agglutination reactions 
studied by these obscrv'crs were carried out at high temperatures (45~C. or higher), 
under which conditions t>’pe-spcdhc reactions are at least partiallv masked. 

Ward and Wright (5), and Ward and Fothergill (6), ha%*c also reported that they 
have obscr\'ed a close immunological relationship between meningitis strains. 

6S3 
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Our observation that the majority of meningitis strains are tj^je-specific and of 
the same type has been further substantiated in the continuation of this study. 
Up to the present, 41 strains of Pfeiffer bacilli obtained from patients suffering 
from lesions of the central nervous system have been examined, and all but four 
have been of T 3 ^e b.^ Three of these exceptions will be discussed later, and in the 
fourth instance the bacterium isolated was not of the species Hemophilus influenzae^ 
but of the species Hemophilus parahijlucnzac. This organism was isolated by Dr. 
J. D. Trask from the spinal fluid of a child who had a brain abscess. 

The discovery that the organisms present in influenzal meningitis 
are usually type-specific, and that most of them are immunologicaUy 
identical, suggested that a highly immune horse serum might have 
therapeutic value. Earlier attempts by other investigators to treat 
influenzal meningitis with immune serum were not very successful. 


Wollstein (7), and also Rivers (8), did not find H, influenzae antiserum very 
effective in treating cases of influenzal meningitis in children, altliough Wollstein 

(9) did find that immune serum was effective in treating monkeys suffering from 
meningitis experimentaU 3 >^ produced. 

Reports of patients treated with the Wollstein serum have been made by Torrey 

(10) , Packard (11), and Dunn (12). Torre}^ and Packard eacli treated one case, 
and both, children 11 years old, recovered. Dunn treated eleven cases and all 
died. He considered that in none of tliese was the serum treatment started carl) 


enough to expect the best results. 

In 1921, Neal (13) reported that five patients had been treated witli anti- 
influenzal serum b}^ the Meningitis Division of the New York Department o 
Health. One patient who was treated with a number of intraspinal injections o 
vaccine and a few injections of antiserum recovered. In 1933, Neal (14) stat 
that among 90 cases of influenzal meningitis under tlieir care, tliere had ecn 
three recoveries. These recoveries she did not definitely ascribe to the use o 
influenza antiserum, but she mentions that she was impressed \ntli tlic 
though temporar}^ improvement in clinical s 3 TOptoms which followed the use o 
the serum. 


Notwithstanding the earlier failures and the fact that the anatonuca 
conditions in influenzal meningitis are such as to render the local app i 
cation of any specific treatment difficult, if not impossible, it 


^ Certain of tliese strains were received from Dr. Martha Wollstein, 
Hospital, New Y'ork, Dr. Ann G. Kuttner, Pediatric Clinic of Johns 
pital, and the ph 3 'sicians listed in footnote 2, to all of whom the author ' 
indebted. 
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capsular polysaccharide in dilutions up to one part in one million is 
added to the serum. Type b bacilli are agglutinated with disc forma- 
tion m dilutions of the serum up to 1-80, and with granular clumping 
m higher dilutions up to 1-320. 

Tim serological reactions are carried out at 37°C. for 2 hours, and the tubes 
are then kept in the ice box overnight before the final readings are made. If the 
tests, are made at temperatures higher than 37°C., disc formation becomes less 
striking and agglutination becomes largely of the granular t 3 'pe. 


The precipitation reaction appears to be the more specific test, and 
after 2 years of immunization the serum contains no precipitating 
antibodies for soluble specific substances derived from influenza bacilli 


other than Type b. On the other hand, after the horse had been under 
immunization for about a year, it was found that the serum had 
acquired the ability to agglutinate influenza bacilli of other types. 
This non-type-specific agglutination is probably due to the presence in 
the serum of an antibody against some fraction of the ceU other than 
the soluble specific substance. Preliminary experiments indicate that 
this fraction is carbohydrate in composition, that it is present to some 
degree in all influenza baciUi, and that it is probably analogous to the 
C substance of Streptococcus (15) and Pneiunococcus (16). 

It has thus been possible to produce in a horse an immune serum 
which is highl}'^ specific for Type b influenza bacilli, as showm by pre- 
cipitation tests. It now seemed important to determine, if possible, 
whether the serum would exert specific effects in the infected animal 
as well as in the test-tube. In case the serum were found to have 


therapeutic value, it also seemed important to learn whether quantita- 
tive differences in the relative value of the several lots of scrum could 
be demonstrated. 


Consequently, a series of experiments has been made to determine 
the action of the serum in infected animals. 


The Effect of Immune Serum on Mice Infected unth IIc7nophiIiisiitfiic>'-^^ 

Since the susceptibility to infection with H. injlucii^oc 'varies 
markedly’" in individual mice, and since large inocula arc neccssary^ to 
produce lethal results, it seemed probable that a method of testing 
based on protective power for mice would not be suitable for determin 
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have died as rapidly as the untreated ones. Yet in all experiments 
the serum-treated mice which succumbed have never had more than 
a mild septicemia, and in some instances the blood cultures have been 
sterile. Moreover, in the treated mice which have died the number of 
bacteria in the peritoneal cavity has been markedly reduced, and the 
bacteria have been swollen and globoid, and undergoing phagocytosis. 

On the other hand, in the experiment recorded in Table I, mtliin 1 
hour the untreated mice had moderate to severe septicemia, and at the 
end of 5 hours three of the four mice were dead. The remaining mouse 
had a marked septicemia at the end of 24 hours, but tlie heart’s blood 
culture wms sterile when the mouse was killed at the end of 48 hours. 
In all of the experiments, blood cultures from the untreated mice which 
succumbed were positive, and cultures made from the peritoneal fluid 
of these animals showed heavy growths. 

All of the animals, treated as well as untreated, have exliibited 
certain toxic symptoms such as diarrhea and conjunctivitis, yet these 
symptoms have disappeared more rapidly in the treated animals tlian 
in the untreated animals which recovered. 

Control experiments have shown that the action of the horse serum 
is type-specific, since no effect of the serum could be demonstrated in 
mice infected with Type a or R strains. Moreover, it has been shovTi 
that the administration of normal horse serum has no effect on mice 


infected with Type b strains. 

While it was possible to show that the immune horse serum^ has a 
specific effect on mice infected with Type b influenza bacilli, it nas 
difficult to estimate this effect quantitatively. Consequently, it 
decided to attempt to determine the effect of the serum on larger 
animals, and since the rabbit, in proportion to its weight, is apparen > 
the least resistant of the ordinary laborator}’’ animals to infection 
with E. injlucjizac, this animal -svas cliosen for the e.\periments. 


The Effect of Immune Scrum on Rabbits Inoculated Intravenous!) ••■ff 

Eemophilus influenzae 

Rabbits were inoculated intravenously wnth given amounts of cu^ 
ture, and after 30 minutes to an hour blood cultures were 
plates. Definite amounts of immune serum were then injecte * 
venously. Shortly after the serum treatment, and then at lo 
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treated rabbits, the degree of bacteremia increased in the rabbits 
which 'were not treated, or which were treated with normal serum. 

One of these rabbits died at the end of 5 hours, and another within 24 hours. 
Both had many organisms in their blood at the time of death. The third rabbit 
had a massive septicemia at the end of 24 hours, but at the end of 4S hoius only a 
few organisms grew from the blood. In this animal the blood cultures continued 
positive for several days. It then developed another infection and was kflled. 
The rabbit which served as the serum control showed no abnormal reactions. 

A number of experiments similar in plan to the one just described 
were made, and the results were similar. Furthermore, similar 
results were obser\’’ed when the serum was administered before, or 
simultaneously with, the culture. In one experiment, however, in 
which the dosage of culture employed was larger, all the rabbits died. 
Even under these circumstances, however, there occurred a marked 
reduction in the number of bacteria in the blood of the animals treated 
with imm une serum, as compared 'with the number of bacteria in the 
blood of the control animals. It has been found, as the immunization 
of the horse has progressed, that the amounts of serum necessary to 
bring about sterilization of the blood have become smaller. 

The imm une horse serum, therefore, possesses the power of steriliz- 
ing the blood of rabbits infected with homologous organisms, unless 
the initial inoculum of culture is so great that the animal is completely 
overcome by the toxicity of the injected bacteria. On the other hand, 
the serum apparently does not prevent the toxic S3Tnptoms which 
follow the inoculation of animals vnth H, influenzae, since these S}Tnp- 
toms occur in the treated as well as in the untreated animals. 

These s>Tnptoms, which have been described by others, arc rapid and lalwred 
breathing, loss of muscle tonus, increased pcrisUlsis, refusal to cat, and increased 
secretion from the conjunct! vac. Another feature, apparently not prcriously 
mentioned, is injection, and at times hemorrhages, of the scleral vessels. This 
reaction begins about 1 hour after inoculation, and usually persists for about 24 
hours. It apparently corresponds to the injection of the blood vessels and hemor- 
rhages in the internal organs which arc seen at autopsy in rabbits after inooilations 
of H. influenzae. A further toxic manifestation which occurs shortly after infection 
is a change of temperature, which may be cither lowered or elevated. In the 
rabbits which sur\dvc, there is a rapid clc\*ation of the temperature, which usually 
returns to normal in less than 4S hours, and the latter occurs even though the bac- 
teremia may still be present. 
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treated rabbits, the degree of bacteremia increased in the rabbits 
which were not treated, or which were treated with normal serum. 

One of these rabbits died at the end of 5 hours, and another within 24 hours. 
Both had many organisms in their blood at the time of death. The third rabbit 
had a massive septicemia at the end of 24 hours, but at the end of 4S hoxirs only a 
few organisms grew from the blood. In this animal the blood cultures continued 
positive for several dzys. It then developed another infection and was killed. 
The rabbit which served as the serum control showed no abnormal reactions. 

A number of experiments similar in plan to the one just described 
were made, and the results were similar. Furthermore, similar 
results were observ’^ed when the serum was administered before, or 
simultaneously with, the culture. In one experiment, however, in 
which the dosage of culture employed was larger, all the rabbits died. 
Even under these circumstances, however, there occurred a marked 
reduction in the number of bacteria in the blood of the animals treated 
with immime senun, as compared with the number of bacteria in the 
blood of the control animals. It has been found, as the immunization 
of the horse has progressed, that the amounts of serum necessar}" to 
bring about sterilization of the blood have become smaller. 

The immune horse serum, therefore, possesses the power of steriliz- 
ing the blood of rabbits infected vnth homologous organisms, unless 
the initial inoculum of culture is so great that the animal is completely 
overcome by the toxicity of the injected bacteria. On the other hand, 
the serum apparently does not prevent the toxic s}’mptoms which 
follow the inoculation of animals with 27. influenzae, since these S}Tnp- 
toms occur in the treated as well as in the untreated animals. 

These s\Tnptoras, which have been described by others, arc rapid and labored 
breathing, loss of muscle tonus, increased peristalsis, refusal to cat. and increased 
secretion from the conjunctivac. .Another feature, apparently not prcriously 
mentioned, is injection, and at times hemorrhages, of the scleral vesseb. This 
reaction begins about 1 hour after inoculation, and usually persists for about 24 
hours. It apparently corresponds to the injection of the blood vessels and hemor- 
rhages in the internal organs which arc seen at autopsy in rabbits after inoculations 
of II. influenzae. A further toxic manifestation which occurs shortly after infection 
is a change of temperature, which may be either lowered or cle^-ated. In the 
rabbits which survive, there is a rapid cle^-ation of the temperature, which usuallv 
returns to normal in less than 4S hours, and the latter occurs even though the bac- 
teremia may still be present. 
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treated rabbits, the degree of bacteremia increased in the rabbits 
which Tvere not treated, or which were treated with normal serum. 

One of these rabbits died at the end of 5 hours, and another wi thin 24 hours. 
Both had many organisms in their blood at the time of death. The third rabbit 
had a massive septicemia at the end of 24 hours, but at the end of 4S hours only a 
few organisms grew from the blood. In this animal the blood cultures continued 
positive for several days. It then developed another infection and was killed. 
The rabbit which served as the serum control showed no abnormal reactions. 

A number of experiments similar in plan to the one just described 
were made, and the results were similar. Furthermore, similar 
results were observ’-ed when the serum was administered before, or 
simultaneously with, the culture. In one experiment, however, in 
which the dosage of culture employed was larger, all the rabbits died. 
Even under these circtimstances, however, there occurred a marked 
reduction in the number of bacteria in the blood of the animals treated 
with immune serum, as compared with the number of bacteria in the 
blood of the control animak. It has been found, as the immunization 
of the horse has progressed, that the amounts of serum necessary to 
bring about sterilization of the blood have become smaller. 

The immune horse serum, therefore, possesses the power of steriliz- 
ing the blood of rabbits infected with homologous organisms, unless 
the initial inoculum of culture is so great that the animal is completely 
overcome by the toxicity of the injected bacteria. On the other hand, 
the serum apparently does not prevent the to.xic S3’mptoms which 
follow the inoculation of animals with H. influenzae, since these sjmp- 
toms occur in the treated as w’eU as in the untreated animak. 

These symptoms, which have been described by others, are rapid and labored 
breathing, loss of muscle tonus, increased peristalsis, refusal to eat, and increased 
seaetion from the conjunctivac. Another feature, apparently- not preriouslv 
mentioned, is injection, and at times hemorrhages, of the scleral vessels This 
reaction begins about 1 hour after inoculation, and usually persists for about 24 
hours. It apparently corresponds to the injection of the blood vessels and hemor- 
rhages in the internal organs which are seen at autopsy in rabbits after inoculations 
injl ucnzac. A fxirther toxic manifestation which occurs shortly after infection 
IS a change of temperature, which may be either lowered or ele\-ated In the 
rabbits which survive, there is a rapid ele\'ation of the temperature, which usuallv 
returns to normal in less than 4S hours, and the latter occurs even thouah the bac- 
teremia may still be present. 
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To illustrate the capacity of these forms of bacteria to induce lesions, 
Table III is given, in which is indicated the relative severity of the 
reactions usually observed. 

Since dead forms of these bacteria are capable of inducing lesions, 
it is obvious that at least some of the effects of intracutaneous inocula- 
tions are due to preformed substances present in the bacterial cells. 
Further, since the lesions induced by living R forms are no more 
severe than those induced by the dead R forms, it seems probable that 
in the case of the R forms the lesions are entirely due to preformed 
substances, the living R forms being quickly killed after the inoculation. 


TABLE m 

Comparison of Skin Lesions Induced by S and R Forms of Hemophihis influenzae 


Amount of culture in 

Qualitative differences in the lesions induced by 


Li\'ing S 

Living R 

Bead S or R 

cc. 

1.0 

++++ 

+++ 

+++ 

0.1 

+ + + 


4" 

0.01 

+ + ± 

-U 

a- 

0.001 


— 

— 

O.OOOl 

+ 

— 



0.00001 

=b 

— 



=b, + + + 4- = no reaction, ver>' mild, mild, moderate, 

severe, and ver>'’ severe reaction. 


In the case of the S forms, however, it is noted that a much smaller 
dosage of living than of dead bacteria will induce an e\ddent lesion 
and in this instance it seems that li\’ing S forms are able to multiply 
and thus produce sufficient irritating substance to give rise to reactions. 

Preliminary experiments showed that if a certain amount of immune 
scrum were added to massive doses of the culture, some effect on the 
extent of the lesion was obser\’able, but that if smaller doses of culture 
were employed the inhibiting effect of the immune serum was much 
greater, and that vdth still smaller doses the production of a lesion 
might be completel}^ prevented. It was found that the actual amount 
of scrum injected made little difference in the severity of the lesions- 
if the dose of culture was not too great, small amoimts of serum within 
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certain limits were as effective as large amounts. Furthermore, it was 
observed that when the dose of culture was so large as to produce 
lesions in spite of the admixture with serum, the lesions were verj' 
similar in size to those induced by like numbers of heat-killed bacteria 
given alone. Hence, it appeared that the serum could only inhibit the 
action of a definite number of bacteria, and that the action of the serum 
consisted in preventing the growth of the bacteria rather tlian in 
neutralizing the toxic or irritating substances. 

It was therefore evident that in emplo 5 '’ing skin inoculations to make 
quantitative tests of the inhibitory action of different lots of serum, it 
would be necessary to determine with considerable care the optimal 
dosage of culture to be employed in the tests. A series of observations, 
therefore, was made, employing various doses of culture alone, and also 
the same amounts of culture mixed with varying amounts of immune 
serum. 


The culture emploj'^ed in the tests was Strain 22SS, isolated from a patient 
suffering from meningitis. The strain was kept under optimal conditions to pre- 
vent the development of R variants. The teclmique emplo 3 ’’ed in cultivating am 
studjdng the characteristics of the culture was the same as that described prc\i- 
ouslj'^ (1). For the tests, 24 hour broth cultures were employed, and physiologica 
salt solution was used as a diluent rather tlian broth, as the whole broth alone 
sometimes causes slight reactions. To prevent injury to the bacterial cclb *■'* '"*’ 
place in the salt solution, the injections were made as quickly as possible after i n 
ing the culture. In all cases, 0.1 cc. of the culture or culture dilution vas niwc 
wdth 0.1 cc. of salt solution, or with 0.1 cc. of whole or diluted serum, the amounto 
fluid injected in aU cases being 0.2 cc. . 

On the da}' preceding tlie tests, the hair was removed from tlie flanks o ^ 
rabbits with electric clippers. Graj' rabbits with thick white skins have 
found most suitable for the tests. 


It wms found that when the largest inoculum of culture (0.1 cc. 
was injected alone, there was induced a hypercmic edematous c. 
20 to 30 mm, in diameter, with a small central area of necrosis- 
infiammator}’' reaction lasted for 4 to 6 days, and one large 
area of induration, or several smaller areas, persisted for about 
longer. Smaller amounts of the culture induced lesions of 
and with less induration, but the lesions did not differ mar 
surface area unless the inocula w'cre less than 0.0001 cc. o ^ 
Amounts less than 0.0001 cc. sometimes induced lesions as argc 
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mm. in diameter, but these rapidly diminished and rarely exceeded 10 
mm. at the end of 72 hours, and no palpable areas of induration 
persisted. 

WTien the serum was injected together with the culture, it was 
found that 0.001 cc. of culture was the largest dose that could be 
completely neutralized by the addition of the immune serum, no matter 
how large an amount of serum was employed. In other words, if 
doses larger than 0.001 cc. of culture are used, there is apparently 
sufficient preformed substance present to induce lesions, even though 
the growth of the bacteria may be completely inhibited. It therefore 
became obvious that 0.001 cc. was the largest dose of culture which 
could be used for carrying out a series of tests with different sera. 
And since this amount was at least ten times greater than an amount 
(0.0001 cc.) which could produce a persistent lesion, it was decided 
that 0.001 cc. of culture would be the most satisfactory dose to emplov. 
It was arbitrarily decided that a reaction was to be considered negative 
if at no time it exceeded 10 mm. in diameter and had completel}' dis- 
appeared within 72 hours. 

When the horse was bled at the different inter\’als, tests were made 
with various dilutions of the serum, emplo>dng 0.001 cc. as a constant 
standard dose of culture. Control tests were also made \\’ith mixtures 
of culture and normal serum, and with the culture alone. The results 
.of three of these tests are given in Table IV. 

The lesions are described by means of linear measurements, but this 
method of expressing the difference in the lesions is inadequate, as it 
does not indicate differences in degree of hj-peremia and edema. 

It wll be seen that whereas the administration of normal serum had 
no effect in reducing the size of the lesions resulting from the intra- 
dermal injection of 0.001 cc. of the standard culture, the addition of 
immune serum had a marked effect on the lesions. Moreover, dis- 
tinct differences in the effects produced by sera from various bleed- 
ings were e\ndent. Emplo\ring the standards mentioned above, it is 
seen that while 1 /200 cc. of serum of Lot 1 was nccessarx- to render the 
skin reaction negative, only 1/600 cc. of serum of Lot 2 was required 
and 1 /SOO cc., or possibly less, of Lot 3. ^ 

It is ob\dous. tliercfore, tliat by means of this technique the pro- 
tective action of immune serum may be demonstrated, and, moreover 
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that quantitative differences in the relative protective action of 
different lots of serum may be detected. Lot 1 serum was obtained 4 
months after the immunization of the horse was undertaken, Lot 2 
sermn 3 months later, and Lot 3, 3 months after Lot 2. The results 
indicate, therefore, that with the continued immunization there 
occurred a progressive increase in the power of the serum to prevent 


TABLE rv 


Influcuce of Immune Scrum in Prcvcnling Lesions in ihc Skin of Rabbits 


Rabbit No. 

Readings 

Scrum 

Area of lesion induced by 

Serum plus 0.001 cc. of culture 

Culture alone 


1/100 cc. 

1/200 cc. 

1/400 cc. 

1/600 cc. 

008/1 

I/IQOO cc. 

0.001 cc. 

y 

u 

o 

o 

q 

d 

U 

u 

o 

o 

o 

q 

d 


hrs. 


min. 

mm. 

mm. 

mm. \ 

mm. ; 

mm. 

mm. 

mm. 

mm. 

rsn. 

1 

24 

Immune 


loxio; 

4x7 

14x11 

13.X12 



25x22 

is-ue 



72 

Lot 1 

1 



— 

10x10 

12x12 



22.X21 

lO-tlO 


2 

24 

Lot 2 


8x8 

9x9 

7x7 

8x8 

10x12 


18x16 

lO.’cll 



72 



— 

— 

— 

i — 

8x10 


19x17 

lO.^lO 


3 

24 

Lot 3 


3x3 


1 

2x2 

7x7 

lO.'cll 

* 

I5.\-15 

12x12 


72 












I1.U2 

7xS 


24 

Normal 

20x15 

15.'c20 

15x13 









72 


20x15 

15x15 

13x11 







— 


Total volume of each inoculum = 0.2 cc. 

The sera alone caused no reactions. ^ ^ 

Protective titre of immune serum: Lot 1 = 1-200; Lot 2 = l-600i ot o 
1-S00+. 

* Material was lost. 


the occurrence of skin lesions following the injection of a 
number of Type b influenza bacilli. . ^ 

The immune serum w'as also tested with other Type bsffain., 
the results were the same as ■when the standard Strain 225S was 
ployed. That the action of the serum was type-specific was 
strated by observing the lesions induced by the injection o 
of serum and living and heat-killed organisms of the other tjpes a 
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forms. Under these conditions, no preventive action of the serum 
could be detected. However, the serum used in these cross-protection 
tests was from the second bleeding, which was made before the appear- 
ance of the antibody which seems to be similar to the C antibody, 
and it is not known what influence this antibody might have on heter- 
ologous type skin infections. 

Tlie Action of Immune Serum in Patients Suffering from Meningitis 

The experimental studies have indicated that the serum of a horse 
immunized against Type b E. influenzae exerts a specific action on 
these organisms, not only in the test-tube, but also in infected animals. 
It was decided to study the therapeutic action of this serum in a small 
series of patients suffering from meningitis due to E. influenzae, Type 
b. As cases of this disease occur mostly in yoimg children and have 
not been available in this hospital, the cooperation of certain ph^^sicians 
likely to meet with cases of this disease has been enlisted. The VTiter 
desires here to express thanks to the phj^icians who have kindly sup- 
plied the histories of the patients.” 

Eighteen patients have now been treated b\’' means of intrathecal 
injections of immune horse serum supplied by us. Oving to difflcul- 
ties in making prompt diagnosis of the bacteria concerned, and lack of 
opportunities for careful study of the cultures, certain of the cases 
cannot justifiably be included in discussing the action of the serum. 
In three cases, the influenza bacilli isolated proved to be not of the 
T}^e b form. In one of these cases, the organisms were found to be of 
T}^e a, in another of Type f, and in the third case the organisms which 
grew from the spinal fluid obtained on four occasions early, as well as 
late in the disease, produced only R colonics. Inasmuch as the serum 
is considered to be t^'pe-spccific, no action was expected inpatients 


•The author is gratefully indebted to Dr. Rustin McIntosh, Babies Hospital 
New York; Dr. J. D. Trask, Jr., New Haven Hospital, New Haven; Dr. Elizabeth 
R Brackett, Babies Hospital, Nev/ark; Dr. C. L. Wilson, Jersey City Hosnital 
Jersey City; Dr. M. H. Gcnkins,Montgomcr>' Hospital. Norris town; Dr. I. Cohen' 
Beth-El Hospital, Brooklyn; Dr. Fred Schwartzberg. Hospital for Joi.nt Dlseas^' 
New York; Dr. John J. B>Tne, St. Mar>*’s Hospital, Phibdciphia; Dr. E. L. Nocr^' 
Delaware County Hospital, Drcxcl Hill; Dr. Joseph C. Regan, St, Catherin*"*' 
Hospital, BrookUni; Dr, B. Kramer, Jev.*iih Hospital, Brooki\m. 
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suffering from infections due to heterologous organisms. Neverthe- 
lesSj in one of these cases, following treatment with the immune serum, 
the patient apparently recovered from an infection with H. ivfluciiziic 
of a heterologous type. 

This case, W. B., treated at the Jersey City Hospital, was not typically one 
of primar}*' meningitis in a child, but was a case of secondary meningitis follow- 
ing traumatic fracture of the skull and laceration of the face occurring in a man 51 
years of age. 6 days after the injury he developed signs of meningitis, and 4 days 
later cultures from the cloudy spinal fluid revealed the presence of H. iiijliiaisie 
Type a. The physician was anxious to employ treatment mth immune senim, 
and intraspinal injections of 20 cc. each were made once or twice daily over a 
period of 19 days. 7 days after the treatment was begun, cultures from the spinal 
fluid became sterile and remained so. During the period of treatment marked 
improvement in the patient’s physical and mental condition occurred, but about 
weeks after the treatment was stopped his condition again became worse and he 
died 1 week later. At autopsy^ there was no evidence of meningitis, but a brain 
abscess was found, cultures from which showed the presence of streptococci and 
staphjdococci, but no influenza bacilli. 

'V\rhether or not the serum had any effect in this case is uncertain. 
Influenza bacillus meningitis rarely occurs in adults, and it is less 
frequently fatal than in children. Its occurrence in adults has been 
reviewed by WoUstein (18), Rivers (19), Bloom (20), and others.^ 

The other two cases of this group, the one in wliich Type f organisms 
were found, and the one in which the organisms were all of tlie R form, 
ended fatally, and there was little evidence that the administration o 
the serum had any effect on the course of the disease. 

There were two further cases in which a thorough study vas no 
made of the infecting organisms. The determination of type was ma c 
solely on the agglutination reaction in the immune horse serum, an 
in the light of further experience, the conclusion that the organn 
were of Type b must be considered doubtful. 

There remain tliirteen cases in which the infecting organisms 
shown conclusively to be of Type b. Unfortunately these 
were treated under widely varying conditions, and b) > ^ 

methods. The ages of these patients ranged between 2 mont 
years, nine of them being 3 years, or younger. Among these ^ 
cases, there was only one in which recovery occurred. 
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Case /. — This patient, M. P., 2 years of age, was admitted to the Jewish Hospital 
of Brookl 3 Ti on Apr, 24, 1933. There had been a discharge from the ear for 4 weeks. 
For 3 da^^s the child had had signs of muscular incoordination, as he was reported 
to have fallen several times. The night before admission he vomited and had a 
chill, which was followed by a rise in temperature. The folio\\’ing morning he 
seemed well, but in the evening his temperature again rose and he appeared very 
limp, drowsy, and listless. The next day he was admitted to the hospital. A 
diagnosis of meningitis was made, and he was treated with meningococcus anti- 
serum. On the 2nd day, the organisms which grew in the cxilture from the spinal 
fluid, and also in the culture from the blood, were identified as influenza bacilli, and 
treatment 'vvith specific immune serum was started. On this day he was given two 
intravenous and two intralumbar injections of immune serum, all of 20 cc. each. 
On each of the 4 succeeding days he was given two intralumbar treatments of 20 
cc. of immune serum to which 2 cc. of fresh h uma n serum had been added, on each 
of the next 2 days one treatment of 10 cc, of immune serum plus 2 cc. of fresh 
serum, and on the following day one intralumbar injection of 10 cc. of immune 
serum alone. On the 2nd day of specific treatment he was also given an intraven- 
ous injection of 10 cc. of immune serum. After the first 24 hours of treatment, 
cultures from the spinal fluid were sterile. This was after two positive cultures 
had been obtained from the spinal fluid, and before any fresh serum had been 
injected. The blood culture was positive on admission, and no further cultures 
were made from the blood until 1 week later, at which time no growth occurred. 
During the period of specific treatment, the number of leucoc>’tes in the spinal 
fluid graduallj'' decreased from 8900 to 460 per c.mm., and 10 days later the cell 
count was 5. Clinically, the child progressively improved, the meningitic s>Tnp- 
toms gradually disappearing. The temperature slowh’ dropped, and after May 2 
remained normal. The patient, apparently well, was discharged May 13. 

Shortly after admission to the hospital, nose and throat cultures were made from 
which T 3 'pe b influenza bacilli were grown. 10 da 3 '’s after discharge, cultures were 
again made from the nose and throat, and from the nose culture T 3 ’pc b organisms 
were again recovered. The latest cultures were made on June 29 from excised 
tonsils and adenoids, and on the plates a few colonies of T 3 pc b organisms and 
many colonics of R forms developed. 

In two of the thirteen cases, the spinal fluid became sterile following 
the administration of immune serum, and remained so for periods of 
7 to 14 da3's, but in both instances the organisms reappeared and 
death ensued. Brief reports of these cases follow. 

Case IL — R. S., 2J years old, was admitted to the Babies Hospital, New York 
City, Mar. S, 1932. A diagnosis of influenzal meningitis was made, and the child 
was treated intraspinally \Nnth immune scrum to which fresh human serum was 
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added. For 4 da^^s the number of influenza bacilli in the spinal fluid diminished, 
on the 5th da}’^ no growth was obtained, and for the next 6 da}^ the cultures were 
sterile. During this time the serum treatment was continued and the child im- 
proved clinically. However, the child tlien developed otitis media, streptococci 
^vere recovered from the discharge, and influenza bacilli again appeared in cultures 
from the spinal fluid. After this, cultures from the spinal fluid were again sterile 
for several days, but the influenza bacilli reappeared once more and were present 
in all subsequent cultures until deatli, which occurred on Apr. 9. 

Case III, — ^J. B., 3^ years old, was admitted to Beth-El Hospital, Brooklp, 
Dec. 5, 1932. The child had been ill for 4 days, and for 3 days meningitic S}Tnp- 
toms had been present. On admission, a lumbar puncture was made, a cloudy 
fluid was withdrawn, and the child was treated with meningococcus antiserum. 
But, on examination of a smear of the spinal fluid, a diagnosis of influenzal menin- 
gitis was made, and later that day the child was treated with specific immune 
serum. For tlie next 7 da 3 ''S the child was given two daily intralumbar injections 


of serum, of approximate!}'' 20 cc. each. Positive cultures of E, injlucnzat were 
obtained from tie spinal fluid daily for 4 days after the beginning of treatment, 
then the cultures became negative (Dec. 10) and remained so until Dec. 24. On 
Dec. 12 the spinal fluid was clear, the cell count 100, and tlie sugar content normal, 
but as the temperature continued elevated a block was suspected. A cisternal 
puncture was made and fluid of the same appearance as tliat obtained from the 
lumbar tap was withdrawn. This fluid was replaced by serum. Cultures ma e 
from this fluid were sterile. From Dec. 12 to 22 the child was given one dai ) 
intralumbar injection of immune serum, 20 cc. on each occasion. During n> 
time the child showed improvement and ate and slept well. The strabismus uc i 
had been present disappeared, but double otitis media developed and both nims 
were punctured on Dec. 18. On Dec. 24 the child^s condition became mun 
worse. Bilateral mastoiditis developed, and it was found that tlie spina ui 
had again become positive for influenza bacilli. 4 days later both mastoi 
opened. The serum treatment was continued after the operation, but 
progressively grew worse and died Jan. 1, 1933. No fresh serum was use m 


treatment of this case. 


In another case, there was a reduction in the number of bactena^n 
the spinal fluid following intraspinal treatment, and on one occasion n 
organisms were recovered either from slant or broth ciiltures- 

Casc IV.— R, F., 5 years of age. The onset of this child’s 
sudden, and she was admitted to tlie New Haven Hospital Nov. 25, 

1st day of illness. A diagnosis of meningitis was made, and she 
immediate intraspinal treatment with meningococcus antiserum. - 
tion of a smear of the spinal fluid, however, showed the presence of ram^ 

bacilli, and treatment with 77. antiserum was begun. T cncx 
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chfld was given two intraspinal treatments, the 5 succeeding da}^ one intraspinal 
or intradstemal treatment daily, and the 8th day two intraspinal treatments. 
No definite clinical improvement was noted, however, and the serum treatment 
was discontinued. The child died on the 26th day. On admission, the blood 
culture was positive, but on the 3rd day after treatment, and also on three subse- 
quent occasions, it was negative, the last negative culture being obtained 10 daj's 
after the cessation of serum treatment. However, 4 days later a positive blood 
culture was again obtained, and death occurred the 4th day following. The spinal 
fluid cultures following the a dminis tration of the serum showed a reduction in the 
number of bacteria present, and on one occasion, after three intraspinal treatments, 
the cultures were sterile. But on ?ill subsequent occasions the spinal fluid cultures 
were positive. 

In each of three other cases (Cases V, YL, and \TI) in which treat- 
ment was commenced on the 7th, 5th, and 2nd days of illness, respec- 
tively, there occurred a temporary decrease in the number of bacteria 
in the spinal fluid following the treatment with immune serum. Later, 
the organisms again became numerous in the spinal fluid and remained 
so until death. In Cases V and VH, the cultures from the blood, which 
were positive before treatment was commenced, later became sterile. 

In Case V, two positive blood cultures were obtained on 2 successive da^-s. 2 
hours after the patient had received 20 cc. of immune serum intraspinally, and 
20 cc, intravenously, the cultures from the blood were sterile. Blood cultures 
were also sterile 2 da>^ later, but on the following day, 24 hours after serum treat- 
ment had been discontinued, the blood cultures were again positive. The patient 
died 2 da>"s later. 

In Case \TI, 2 days after a total amount of 60 cc. of influenzal antiserum plus 
15 cc. of fresh human serum had been given intraspinally, and 120 cc, of influenzal 
antiserum intravenously, the blood culture was negative. Blood cultures on the 
following dav were also negative. The child lived 2 da\‘s longer, during which 
time the specific treatment was continued, but no reports of further blood cultures 
were made. 

Among the remaining six cases, there occurred no significant changes 
in the condition of the patients or in the character of the spinal fluid 
following the administration of immune scrum. In two oi these only 
intracistcmal treatments w’cre given on account of inability to with- 
draw fluid by the lumbar route, and in one, two intraspinal injections 
vrere made, after which the serum treatment was discontinued because 
of inability to withdraw spinal fluid by this route. 
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out under the given cnnrIitJn r specific therap}^, carried 

be borne in mind, however thatT^fl ° Practicd value. It must 
condition, and that withniit ^ is a vety serious 

afflicted ie. ::rw f 

complicated bv unenmnni-a 5 ^ reported two were 

late tie course of tZT ■ t “’Py™'*' were treated vco’ 
was carried out nnlv is, and in certain instances treatment 

a group o cree r ^ i" 

intensity ^Tn, t f “ **aae with greater 

Tr^sTtl?'^ ”?n'’ P™*’ be better 

that the adminfstra&n of the“ 

course of tLp ri" • • serum may exert an influence on the 

and sninal fl •!! c cultures from the blood 

seven f th ^ ore and after the administration of serum. In 
beforp ernp ‘fl uenza bacilli grew’- in cultures from the blood 

cases nn^ treatment wms administered. In tw’o of these 

tion T reports w^ere obtained on the course of the blood infec- 

thp spnf the patient was suffering also from pneumonia, and 

tbp rp ^ uninfluenced by the administration of serum. In 

stpnip positive blood cultures, the blood became 

rppn.rra^^^^ treatment with serum; in one instance (Case I) the patient 
blnnrt ^ ^riother (Case WI) there w’as no report of a recurrence of 
wnc wliile in tw’-o cases (Cases IV and V), in w'hich treatment 

dpstl the blood cultures again became positive before 

that ■ +L c number of cases is small, but it seems not unlikely 
1 i 5 jA rf c^ses mentioned, the administration of immune scnini 
e e ect of at least temporarily sterilizing the blood. 

1 . intrathecal injection of immune serum on the 

na m t e spinal fluid varied, but in certain instances, at least, the 
serum seemed to have a definite effect. In one case (Case I) the b.u- 
isappeared from the spinal fluid foUowdng treatment, and ro- 
ovety occurred. In tw’o cases (Cases II and III) the spinal fluid 
'une sterile and remained sterile for 7 and 14 days, respectively- 
n one case (Case RQ there occurred a reduction in the number of 
ac cna, and on one occasion the culture was sterile. In three other 
-es ( ascs V, VI, and ^^II) there occurred a reduction in the number 
actena, as shown by smears and cultures. In the remaining .‘ut 



HAUGAIiET PrmiAN 


703 


cases, no changes in the nmnber of bacteria in the spinal fluid were 
noted. 

Recently, Ward and Fothergill (6), and Ward and Wright (5), 
have reported concerning the treatment of eight cases of influenzal 
meningitis with an imm une serum produced by immunization of a 
horse with meningitic strains of H. influenzae. In one case recover}- 
occurred, and in five, after treatment, the cultures of the spinal fluid 
were sterile for periods of from 1 to 14 days. In aU these five cases 
the bacteria later appeared in the cultures and death ensued. In 
the treatment of these cases fresh human serum was added to the 
immtme serum. The previous experimental studies of these writers 
had led them to the conclusion that the action of H. influenzae anti- 
serum is bactericidal, brought about by the action of antibody and 
complement upon the antigen. As they had been imable to demon- 
strate the presence of complement in the spinal fluid of patients suffer- 
ing from influenzal menigitis, they considered that complement 
should be added to the immime serum before making intrathecal 
injections. 

In the treatment of the patients reported in the present paper, in 
certain cases small amounts of fresh serum were mixed with the immune 
serum, and in other cases the immune serum was given alone. Our 
data do not permit definite conclusions to be dra^sm concerning the 
importance of the addition of fresh serum. In the one case (Case I) 
which recovered, however, the spinal fluid cultures became sterile after 
the injection of the immune serum without the addition of fresh serum, 
and in another instance (Case III) the spinal fluid cultures became 
sterile and remained so for a period of 14 da}’s following the administra- 
tion of immune serum alone. In Case IV, in which a reduction in the 
number of organisms occurred, and in which the fluid was sterile on 
one occasion, no fresh serum was added to the immune serum. In 
three other cases in which there resulted temporar}- sterilization of the 
spinal fluid or a reduction in the number of bacteria present fresh 
scrum was added to the immune scrum. 

SUiDLVRY 

In this communication, further c\ndence has been given which sun 
ports the view that the majority of the strains of Hemophilus influen- 
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o owed. In the experiments it reduced and sterilization 
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those treated with immune sernm f 

quickly than did the animal 4. orned to the normal state more 
^ The anti-infecti„;?”ot ?°‘r 

strated by a study of its eff t u further been demon- 

of type-specific bacteria ^ iesions wliich follow inoculations 

that for any eflfect of the seram^f^^ rabbits. Again it was found 
the dosage of bacteria be lim> w ^ ^^anifested it is necessaiy that 
introduced into the skin i-J ^ ’ since if large numbers of bacteria are 
pletely inhibited no man ^'"^^epment of lesions cannot be com- 
As the number of livino- <5^^ °^ iurge doses of serum are employed, 
roughly equivalent to rii °^^^^^'^rns which cannot be neutralized is 
ma}-- produce a lesion Z ^ heat-killed bacteria which 

ing substance in tbp bn \ — ^s that there is some preformed irritat- 
if the bacteria are killpri ^ cria cells which may give rise to lesions, even 
onstrate the protective °^ri growth. In order to dem- 

found necessary to em immune serum, therefore, it has been 

bacteria are immediatefvTiltri 

y killed, or their growth inhibited, no Ic 5 ion 


HLARGAKET PITTSIAN 


705 


results. Employing immime serum imder these conditions, it has 
been foimd that the ability of the serum to prevent the occurrence of 
skin lesions has progressively increased with continuing immunization 
of the horse. 

A series of eighteen patients suffering from influenzal meningitis has 
been treated with Type b antiserum. Following the use of serum, 
recovery occurred in one patient of the series, and in two, although 
the patients ultimately died, the spinal fluid cultures became sterile 
and remained so for periods of 7 to 14 da^’s. In four other cases, the 
spinal fluid cultures showed, temporarily, either no growth of bacteria, 
or a reduction of their number. Among five patients in whom septi- 
cemia was present before treatment, in fom: the blood cultures, after 
treatment with serum, became sterile. 

The number of patients treated has been small, and the treatments 
were carried out under widely varying conditions. It is difficult, there- 
fore, to draw conclusions regarding the actual value of this form of 
therapy, or the best methods of procedure. The clinical results, 
however, indicate, as do the experimental, that the serum has a definite 
anti-infectious action. The experience is too limited to permit final 
conclusions regarding the importance of the addition of fresh (comple- 
ment-containing) senun to the immime serum. Further experience, 
under more accurately controlled conditions, may show that the serum 
has greater practical value in treatment than is sho\TO by the mortality 
results in this series of cases. 
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CONCERNING THE RELATIVE RESPONSE TO BLOOD 
GAINS AND BLOOD LOSSES; AND HABITUATION 
TO AN EXCESS OF BLOOD PIGMENT 

By MACDONALD DICK, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, August 4, 1933) 

The experiments to be described were begun vrith the aim of deter- 
mining the amoimt of blood, as red cells, formed each day in rabbits. 
It was assumed that if this amount were supplied from vdthout the 
erythropoietic tissue would cease to work. Robertson (1) had noted 
that repeated large transfusions resulting in a superabundance of hemo- 
globin caused a practical disappearance of reticulated red cells from 
the circulation of rabbits, indicating that the marrow had become less 
active. When, after a time, the alien blood was suddenly destroyed as 
result of the formation of immune bodies by the recipient, a pro- 
found anemia developed, this fact as well as others showing that the 
transfused cells had functioned so effectively that the marrow had 
largely left off erythrocyte production. In some recipients no blood 
destruction was evident, and these formed no antibodies demonstrable 
on test. For the purpose of the present work such a state of affairs 
was essential. A measured small amount of compatible blood was 
introduced into the circulation each day, with the expectation that the 
marrow would lessen its erythropoietic actmty in proportion as its 
task was taken over, the amount of strange blood necessary’’ to induce 
It to cease work being presumably that which it would form each day 
under normal conditions. The results of the experiments have proved 
the primaiy assumption to be incorrect. No indication has been 
found that marrow activity^ lessens when small quantities of com- 
patible blood are added to the circulation day’ after day. On the 
contrary, the marrow keeps on working and itself contributes to the 
increase in hemoglobin. Not only^ this, but when no more blood is in- 
^'^thout, and the superabimdance of hemoglobin begins 
^ minish, the marrow becomes abnormally’ active, producing red 
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response to blood gains and blood losses 
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theme comprehensively in a paner n ' j- ^ recently dealt witli die latter 
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to stop it by suppljdng blood from wYlT activity, they undertook 

to do. The conditions were drasfi'r li°” i themselves unable 

findings differ in many respects from fh^ their e.\periments, and Uieir 

sidered in parallel with our own n reported. Their data, con- 

discuss in detail some of the orob^m'^^r numerous enlightening contrasts. They 
a few other pertinent matters; ,> r, ^ ^ narrow activit}'' and for these, as for aot 

rather than to attemnt to rj v refer the reader to their paper 
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Tie Effects of Gradual Additions to the Blood 
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times a week nf cages and fed hay- dail;-, with the addition three 
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method of Robeson ^^biing mixture as in the case of the blood 
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In only one of the six animal, which received 3 cc. of 

velop to mar the hemoglobin percentage mounted 

blood each day xnth result phenomenon first described 

rapidly, there occurred developing, pronounced anemia 

by Robertson; namely, a eontinued. With the anemia there 

altliough the transfusions w jcohemagglulinins in the blood, 

w-as associated an 
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hemoglobin (9 to 10 gm. per cent) might have been near the lower limit 
for normality, and that the hemoglobin increase, after the smaller 
transfusions at least, might not have constituted a superabundance 
of the pigment but have been only a natural betterment consequent 
upon xmusually favorable conditions for blood production. The rab- 
bits were stiU growing rapidly, which introduced another variable. In 
the attempt to control conditions more strictly, a new group of ani- 
mals was studied, adults selected as having large initial quantities of 
hemoglobin in the circulating blood. Two had 12 and 13 gm. per 
cent, and these received every day for 35 days without exception § cc. 



Chart 2 


of compatible blood; while three other animals with II, 12, and 12.1 
gm. per cent of hemoglobin respectively were given 1 cc. per diem. 
The weights ranged from 1880 to 2280 gm. at the beginning of the 
transfusions and from 2100 to 2450 gm. at their end. The same tech- 
nique of transfusion was employed as in the pre\dous experiment. 

The observ’ations on the tvro animals first mentioned were marred b}' inter- 
current illness (snufiles) in one case and by the development of antibodies against 
e alien blood in the other; but these complications did not develop until after a 
^grcsai\ e increase in hemoglobin had occurred as result of the transftisions. 

cspitc this increase no drop in the reticulocj'tes took place. In the rabbits 
rccci\Tng 1 cc. of blood each day for 35 daj's there were more considerable increases 
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in hemoglobin, to as much as 14 gm. in one case; yet the reticuloc34e percentage, 
though touching zero on a single occasion in one of the animals, underwent no en- 
during, significant reduction. 

The results in this series confirmed the previous observations. Even 
in rabbits with what appeared to be an abundance of hemoglobin, the 
introduction from without of 1 cc. of blood each day caused a consider- 
able increase in the amount of the pigment per 100 cc. of blood. Yet 



reticulated cells continued to circulate in good numbers, whence one 
might infer that tliere was no considerable marrow depression. 
findings w'ill not be recorded in detail since better controlled an ^ 
far more convincing evidence was obtained in the next group 
animals. 

For the purposes of tliis experiment, adult rabbits were sclecte , ^ 
as recipients and as donors, that had notably great amounts o 
lating hemoglobin, — far beyond the average “normal” quantitv - 
single donor wms provided for each recipient in order to 
chances that the introduced blood might have a hidden incompati 
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and frequent tests were made to be sure that one had not developed. 
In the experiments of Robertson (1) as also in Rous' (6) study of in- 
duced auto-antibodies, incompatibility leading to destruction wi thin 
the organism of transfused blood was regular^ accompanied by an 
agglutination in vitro of the donor's corpuscles by the recipient’s serum; 
while in those instances in which isoagglutinins were lacking no such 
destruction was evident. To make sure of obtaining wholly com- 


TIar.14.IS32 



patible donors, especially searching agglutination tests were now made. 
As a check upon the general findings one recipient was purposed given 
incompatible instead of compatible blood. 

Tlic donors were vigorous animals which it was supposed would 
easily bear the loss of 1 cc. of blood per diern, as indeed proved to be 
the case. The condition of their blood was studied with the same care 
as was that of the recipients. Frequent hematocrit determinations 
of the red cell bulk were made in both groups. TTic obscr\'ations were 
kept up for weeks after the transfusions had been discontinued. 

Five compatible pairs of animals and one incompatible pair were cmplovcd 
For the selective agglutination tests, the scrum of the recipients was mixed with 
the washed cells of the donors, 9 parts of scrum to I of a 50 per cent ruspcas'on of 
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the cells in salt solution. After 2 hours at room temperature, the mixtures were 
examined in the gross and microscopically. There was, in the case of the incom- 
patible pair, well marked gross and microscopic agglutination of the donor’s celk. 
As an accessor}^ clieck upon the development of incompatibility during the trans- 
fusions, specimens of the blood of the recipients were examined for auto-agglutina- 
tion (7). None transcending the normal was found save in the case of the animal 
receiving incompatible blood. 

The initial weights of the rabbits were from 1800 to 2400 gm., and they were 
weighed each weelc, the figures showing a steady, gradual gain, as great in the donors 
as in the recipients, the final range being from 2300 to 3200 gm. All were kept in 
individual cages and on the same diet as the preceding series, save that cabbage 
was given three times a week. 

The hemoglobin percentage, tlie number of reticulocytes, and the red cell bulk 
were ascertained at frequent intervals, usuall}'' every other day, for a period of at 
least 20 days preceding the first transfusion; and the observations were kept up 
during the 37 days of transfusion and for 6, in some cases 8, wrecks thereafter. The 
blood specimens were taken in the morning, prior to feeding, the transfusions being 


done between 11 :30 and 12 noon. 

No anticoagulant was employed in. this series to keep the injected blood fluid. 
The donor was placed in a covered box from which its head projected and the 
recipient in another b}^ its side on tlie laboratory table. The shaved and oiled car 
of the donor was heated until an active circulation had developed. A small cut 
was made in one of the marginal veins of the ear, and as the blood gushed fort it 
was steadily drawn up into a tuberculin syringe. "^^Tien 1 cc, had been obtainc 
in this manner, all further bleeding was prevented by an assistant and the injcc^ 
tion into the ear vein of the recipient was quickly made. In this way no time wa> 
lost, the interval from the nicking of the donor’s ear vein to the completion o l c 
transfusion averaging not more than 60 seconds. Such care was taken for c 
stasis that usuall}!^ the donor lost no more than the desired 1 cc. of blood, at m<b^ 
not more tlian a drop. It has been found possible to extend the metho to 
transfusion of larger amounts; but when these exceed 4 cc. the risk of clotting 
comes great. The first 2 or 3 cc. are much more rapidly obtainable t nan ajg 
amounts, owdng to contraction of the vessels of tlie bleeding car. T is 
trouble in some later experiments. For the determinations of red cc n 
Van Allen hematocrit W’as used, with normal saline as the diluting ui » 
was taken so to prepare this latter that changes in cell bulk due to 
balance w’ere excluded. The findings during the transfusion and a ter 
showed that the red cell bulk varied directly with the hemoglobin quanti 
might have expected imder the conditions. Hence they arc onl> occa- 


charted. 


In the anal3’'sis of the charts the experiment can be divided into t 
There \vas the control period after the animals had been selected 
W'hich they lived under the same conditions as obtained subsequen } ^ 
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superabundance. The rises might conceivably have been the result 
of a diminished blood volume. But there are observations on record, 
notably the extensive ones of Boycott and his coworkers, which prove 
that after transfusion the blood volume returns to normal or is only 
slightly increased. A lessening in volume seems never to have been 
observed. 

A second possibility has been mentioned already; namely, that the 
increase in hemoglobin was within the bounds of the normal, represent- 
ing merely a blood betterment consequent upon favorable conditions. 
The experiment just described was designed to exclude this possibility, 
through the selection as recipients of rabbits having the liighest initial 
amounts of hemoglobin encountered in normal animals. It is, of 
course, impossible to state precisely the upper limit of the normal, but 
it is sufficiently demarcated for present purposes by the data of Pearce 
and Casey (8), who themselves worked with Rockefeller Institute stock. 
The figures on blood hemoglobin that they obtained by the e.vamina- 
tion of 174 animals procured from stock range from 28 to 90 per cent 
(Newcomer, 4.7 to 15.2 gm. with the instrument Pearce and Casey 
employed) ; but pathological instances were not ruled out, a fact suf- 
ficiently obvious from the figures. The distribution frequency of the 
curve representing the individual findings, as also the data of a subse- 
quent paper, yield a maximum and minimum range for the gencralitj 
of animals of from 52 to 74 per cent (8.8 to 12.5 gm. per cent). Ib^ 
first group of “normal” animals of the present work had initial henio 
globin values of 9 to 11 gm. per cent and those of the third group from 
12 to 15 gm. with an average of 13 gm. It is evident that prior to 
transfusion the first group of animals utilized as recipients had hemo 
globin values somewhat above the lower level of the normal ^ 
those of the third group, wliich had been selected for high hemog o ^^m 
values, were at or near the normal maximum. In these latter am * 
a further considerable increase occurred during the transfusion pen ^ 
one which in some instances definitely transcended the individua maxi ^ 
mum encountered by Pearce and Casey. Such an increase can ji 
be regarded as constituting superabundance. ^ 

The mounting curves expressive of the hemoglobin perccntagCi^^^ 
the individual charts yield no indication of a “ceiling,” such 
be taken to represent the upper limit of the normal, bejon 
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obstacles to the increase in pigment might conceivably be encoimtered. 
In Rabbit 25, Chart 3, the cur\'e followed the same slant in reaching 
17 gm. per cent as in Nos. 1 and 2 in which it attained to only 13.8 
gm. per cent and 14 gm. per cent respective!}'. 

In what way did the increase in hemoglobin come about? There are 
several possibilities. One might suppose that the daily addition of 
blood from without was greater than that provided by the marrow 
and that this tissue ceased to work, a fact masked by the persistence 
in circulation of the reticulocytes already present or injected with the 
strange blood. But reticulocytes do not persist as such in the cir- 
culation. Boycott and Oakley (2) have re\iewed the numerous papers 
w'hich go to show that those of the rabbit mature into ordinaiy red 
cells in from 1 to 2 days after they leave the marrow. Those intro- 
duced with transfused blood disappear rapidly. Otherwise the count 
of such cells could not drop to zero as it frequently does for a brief 
period in rabbits receiving massive transfusions (1, 2). The dail} in- 
troduction of 1 cc. of blood into the recipients of the present experi- 
ments would not suffice of itself to proffide enough reticuloc}'tes to 
maintain the count even if those introduced persisted as such through- 
out the transfusion period. 


It is possible to calculate the total number of reticulocj-tcs transfused in those 
instances in which their number was followed in the donors (Charts 3 and ‘±). For 
example in Recipient C, the reticuloycte count after 30 da>-s when the hemo- 
globin had increased from 12.4 gm. per cent to 14.6 gm. per cent was still 3 per 
cent, about what it had been at the beginning. Durmg this penod the animal 
had received 30 cc. of strange blood from Donor C, carrvmg an average of 2.5 
per cent of reticulocvtes. This was introduced into a blood bulk of 1 13 cc. (since 
the rabbit has about 4.7 per cent of its weight in blood (9)) .-tssuming that aU 
of the introduced ret^culoc^•tes persisted as such throughout the tmnsfusion period, 
the gradual accumulation of them would account at most for oriy one-fourth the 
number in circulation at the end of the transfusion period. And the necessary 
assumption is not justified. 


One is forced to conclude that the continued presence of reticulocytes 
in normal number throughout the transfusion penod resulted from a 
persistmg actiffitv on the part of the er}'thropoietic tissue. 

Granting that the marrow continued to work, to what was its work 
due-to lack of sensitiveness to the gradual increase in arculating 
blood pigment, as represented by the strange red celb, or to stimulation 
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ample, results in an increased activity on the part of the erj'thropoietic tissue. 
Indeed McMaster and Haessler (11) have shown that increases in the amount of 
this tissue to meet the emergency of anemia from hemorrhage are directly con- 
ditioned by the availability to it of the materiab for blood formation. But in- 
creased reparative activity consequent upon the availabniU' of such materials is 
not necessarily the same as direct marrow stimulation. Bo\Tott and Oakley them- 
selves found no such stimulation as result of the products of blood destruction 
save in a special instance, that of dtrated, laked blood injected subcutaneously, 
laked blood as such failing of effect. Robertson did not obtain stimulation b}' 
transfusing incompatible blood to rabbits. As a check upon the possibility that 
in the present experiments the cells transfused were destroyed soon after intro- 
duction and utilized in the formation of new blood, agglutination tests of the third 
series of animals were made from time to time throughout the transfusion period 
to find whether the recipients had reacted against the donors’ blood so that it had 
become incompatible. As already stated, it has been the experience of those 
working with rabbits that when such eddence of incompatibility fails to appear, 
transfused blood is well tolerated. In the present instances agglutination was 
not encountered. As a further check a rabbit was transfused with frankly in- 
compatible blood to leam whether its destruction would lead to a mounting he- 
moglobin percentage. That in this instance the strange blood was promptly de- 
stroyed can be inferred from the fact that the hemoglobin imdervrent none of the 
increase seen in the animals receiving compatible blood (Chart 6) ; yet the retic- 
uloc>les remained at the pretransfusion Iev*el- Throughout the transfusion pe- 
riod there was a lack of significant intercurrent variations in the number of these 
cells, such as might have been expected had the marrow been subjected to re- 
stimulation. 

From all this it seems plain that the marrovr activity during the 
period while the hemoglobin was increasing, must have been due, not 
to stimulation by the products of blood destruction, but to persistence 
at a normal task. 

The Ejects of Repeated Small Blood Losses 

The lack of sensitiveness of the marrow to induced increases in hemo- 
globin contrasts strikingly with its response to slight blood losses. It 
has been said that in the best controlled experiment, that of the third 
senes of animals, observ’^ations were made on the donors at the same 
time as on the recipients. The loss sustained by these donors did 
not exceed by as much as a drop per dav" the amount of blood gained 

} the recipients. Yet in all six instances (Charts 7, 8, and 9) the 
percentage of reticulocytes markedly increased within a few dzys after 
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the bleedings had been begun, and though the blood losses caused but 
a transient fall, when any, in the hemoglobin percentage, and were 
soon followed by recovery to a higher percentage than before, the re- 
ticulocyte count persisted above the previous level so long as blood 
was withdrawn. When no more was taken, the count soon fell, and 
reached the pretransfusion level. It is plain that not only did the 
erythropoietic tissue become abnormally active under the stimulus 
of the bleedings, but it never adjusted itself to the daily loss, being 



Chart 7 


quite as sensitive thereto at the end of the period of hemorrhage as 
at the beginning. _ , 

The hemoglobin percentage of the donor rabbits, ^^vhich throUo^i^ 
out remained in excellent condition, — continued to rise progress^ e } 
after the bleedings had been stopped, surpassing the previous 
but not attaining the level reached in some of the recipient ra 
This rise may conceivably have been due to overcompcnsation, 
as is frequently observed after hemorrhage, though the effect o 
does not ordinarily persist for so long a period. . 

The observation that daily small blood losses in healthy 
not only'’ be repaired, but may be attended by an increase in the am 
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of circulating hemoglobin, assumes special significance when the con- 
sequences are studied of removing the same total amount of blood on 
fewer occasions. The experiment was carried out on four rabbits 
selected and studied with the donors of the third experiment but 
deprived of 7 cc. of blood at a single bleeding once a week. In all four 
the reticulocyte percentage rose far more markedly than in the animals 
bled 1 cc. per day, yet the manufacture of blood was insufficient to 
compensate for the weekly loss and an anemia developed (Charts 10 


naiiHI332 



and 11). The chart of the average findings (Chart 11) t}-pifies the in- 
di\ddual instances. There was a far greater increase in the number of 
reticulated cells than when the blood was withdrawn as 1 cc. per day. 
The blood removed w’as in one case injected into another, compatible 
rabbit. The hemoglobin of this animal was increased from 13.0 gm 
to 14.2 gm. and a pronounced depression of marrow acti\aty took place 
as eWdenced by the reticulocyte change. 

HabiUiation to Ovcrvuich Ilcruoglohin 

The fact that the en'thropoietic tissue is insensitive to gradual addi- 
tions to the amount of circulating blood pigment, while respondin<^ 
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practically at once to withdrawals of the same magnitude, was evident 
in the present experiments not only during the period of transfusion, 
or of bleeding, but in the subsequent weeks, during which the blood 
studies were continued. For some days after the transfusions of 1 cc. 
of blood had been stopped the induced superabundance of hemoglobin 
persisted without change. Then the pigment percentage began to fall; 
and soon afterwards the erythropoietic tissue became unusually active, 
— as shown by a sharp rise in the reticulocytes, — and the high per- 
centage was regained. This happened in the rabbits of all three series, 
but it was best studied, because best controlled, in the rabbits of the 



daily. 


third group that received compatible blood (Charts 3, 4, and 5). 
phenomenon occurred in all five of these animals. The high icmo 
globin level was maintained throughout some weeks of observation 
that is to say until expediency rendered it necessary to terminate 
experiments; and the induced marrow activity, though not 
after the hemoglobin first fell off, only gradually diminishe 
normal rate as indicated by the percentage of reticulocytes. ' 
dently the organism had been so altered by the 
dures that a much higher hemoglobin percentage than that o 
prior to the transfusions was now normal to it. 
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DISCUSSION 

The initial object of the experiinents was to determine the rate of 
blood production. It was supposed, on inference from indications 
here and there in the literature, that this could be done by suppUing 
compatible blood to the normal organism in precisely the amount 
daily produced by the er 3 ’'thropoietic tissue, whereupon prcsumabU' 
this tissue would cease work. WTiat occurred was wholly different. 
The day to day in troduction into the circulation of small amounts of 
blood was without perceptible influence on bone marrow acthdt}" and 
the hemoglobin percentage rose gradually yet markedly. Its acti\'it 3 * 
continued unabated throughout the transfusion period and must have 
contributed in no small part to the rise in hemoglobin. The grounds 
for these conclusions have been considered in the text. 

If, in some of the recipient animals, it is possible to suppose that the 
increase in hemoglobin represented rnereh' blood betterment over a 
pre\’ious low normal as result of favorable conditions (Charts 1 and 2), 
in the case of others (Charts 3 and 5) one is forced to look upon the 
state of affairs brought about b\' the additions of blood as constituting 
a superabundance for reasons that have been given. The findings as 
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amounts of blood. They indicated th t H of small 

tically unaffected by the aradu^! formation was prac- 

4, and 5). ^ gradually mountmg hemoglobin (Charts 3. 

large amounts of blood to°ta^ne whell^ transfused rabbits repeatedly irith 
from without, the marrow would not atmnli ^ proiasion of cells 

as had Robertson before them that the rer T ^ 

the transfusions were kept up this 

Pt up this change did not endure but with every inter- 



work tbaf"^ obtained in all of the recipient groups of the prc.^enl 
habituation develops to an increased amount of circulating 
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hemoglobin when this increase is brought about graduaUy. Soon 
after the daily transfusions were stopped, the hemoglobin percentage 
began to decline from its high level, but long before it had progressed 
far in the direction of the previous normal, the marrow became im- 
usually active, as shown by a pronounced increase in the number of 
reticulated cells, and the high pigment level was restored and main- 
tained (Charts 3, 4, and 5) . The possibHity that the mcreased er3'th- 
ropoietic activity resulted from the stimulation due to intercurrent 
blood destruction can be dismissed for reasons akeady given. Un- 
fortunately the animals had to be sacrificed within a few weeks after 
the transfusions had been stopped, so the late consequences of these 

remain unknown. i v- -u j 

Robertson showed that when a superabundance of hemoglobin had 

existed for some time the withdrawal of an amount of blood insuffiaent 
to bring the amount of pigment to the pretransfusion level resulted 
nevertheless in an increase in bone marrow actmty. In domg this 
experiment he abruptly and considerably reduced the blood bulk. 
That considerable blood reductions stimulate the marrov of the nor- 
mal animal, as repeated small losses to the same total amount do not, 
is shown by the large increase in the reticulocxles in our rabbits that 
were bled 7 cc. once a week as compared with the relatively slight in- 
crease in those bled 1 cc. per dictn; and it might be inferred that Rob- 
ertson’s finding was the result merely of a drastic change m the blood 
bulk. This possibility was controUed in the transfused rabbits of the 
present work. Hemorrhage was not the cause of the post-transfusion 
fall in hemoglobin which resulted in marrow stimulation, nor, for that 
matter, was the reduction in the pi^ent percentage a great one. 

Subsidiary e%adence on the insensitiveness of the marrow to hemo- 
globin increases when these occur gradually can perhaps be found in 
the data on the donors for the third group of transfused rabbits. 
Although these lost 1 cc. of blood per day the hemoglobin percentages 
had returned to the initial level when the losses were stopped, and soon 
thereafter they rose above it. Thoughout the period of the bleedinp 
the marrow had been unusually acti\ e as sho>vn b\ the increased per- 
centage of reticulocy'tcs j but when tlic\ ^^cre discontinued, the number 
of these cells declined to the previous normal. Belov/ this normal 
they did not fall despite the fact that the hemoglobin percentage con- 
tinued to mount. 
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some instances at least have been expressive of a superabundance. 
To this superabundance the animal itself evidently contributed through 
its persisting erythropoietic activity. 

The results were very different when rabbits were bled daily to the 
same small amount that was injected into their fellows. The marrow 
became abnormally active, and this activity continued undiminished 
throughout the long period of the bleedings. The organism is evi- 
dently far more susceptible to blood losses than to blood gains, a fact 
which is scarcely surprising when one considers that throughout its 
differentiation as a going concern it has had to cope with exigencies 
of the first sort only. 

Rabbits in which the hemoglobin is very gradually increased by 
the injection of strange blood become so accustomed to the abundance 
of pigment that even a slight falling off causes the er^iliropoietic tissue 
to become abnormally active to maintain the new status quo. Good 
reasons exist for referring the habituation thus manifested to re- 
adjustments in the fimctioning of the physiological mechanisms which 
mediate between oxygen demand and erythropoietic response. Too 
little recognition has been given to the role of these mechanisms in 
such relation. No evidence was obtained of any effective readjust- 
ment to protect the erythropoietic tissue from the stimulus of daily 
small blood losses. 
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CHEMOEMMUNOLOGICAL STUDIES ON THE SOLUBLE 
SPECIFIC SUBSTANCE OF PNEU^MOCOCCUS 


I. The Isolation and Properties or the Acetyl Polysaccharide 
OP Pneumococcus Type I 

By OSWALD T. AVERY, M.D., A^^) WALTHER F. GOEBEL, Ph.D. 

{From the Hospital of The Rockefeller Institute for Medical Rcsearcli) 
(Received for publication, August 15, 1933) 

During the past several years it has become increasingly e\ident 
that Pneumococcus Type I possesses type-specific immunological 
properties not completely accoimted for by those of the capsular poly- 
saccharide in the form in which it was first chemically isolated and 
identified in this laboratory as the soluble specific substance (1-3), 
This fact was foreshadowed in the earlier studies of Perlzweig and his 
coworkers (4, 5), and has since been amply demonstrated by a number 
of European and American investigators, notably by Schiemann and 
his collaborators (6, 7) abroad, and by Enders (8, 9), Sabin (10), 
Wadsworth and Brown (11, 12), Ward (13) and Felton (14) in this 
country. 

In view of this e\ddence, a further study has been made of the chemi- 
cal and immunological properties of the soluble specific substance of 
Pneumococcus Type I, vdth the hope of acquiring a fuller knowledge 
of the nature of the relationship existing between the specifically re- 
acting derivatives studied by other investigators and the iypc- 
spccific polysaccharide pre\dously described in this laboratory. The 
results of this study form the subject matter of the present report. 

E\ddence will be presented that the soluble specific substance has 
now been isolated in a chemical form more closely approximating 
that in which it exists as a natural constituent of the cell capsule. It 
^vill be sho^\^l that the t>q)e-specific carbohydrate present in the in- 
tact bacterial cells, and in filtrates of autolyzed broth cultures has 
been chcmicall}' identified as an acetyl pol\Taccharidc. This natu- 
rally occurring acetyl poU^accharidc differs chemically from the <^e- 
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native substance wWi 

the polysaccharide aft ^ specific properties not possessed by 
hydrolysis. removal of these labile groups by alkaline 

with^tnch the“" -d the ease 

specifictibstanre^""^ removed by treatment with alkali, the soluble 
deacetvlated n l ^^^S^ally isolated will be shoivn to represent the 
nl^t W polysaccharide which, although stiU retaining the domi- 

acetvi?ronr'''^ff^^ ""I substance, has through the loss of its 

ties ^ corresponding loss of certain specific proper- 

Serenr K t^^^ ^ polysaccharide itself. Thus, specific 

inve^tiaa? properties of the ceU fractions studied by other 

definpd ^ soluble specific substance as originally 

prnimo ^PPcar to be due to the presence or absence of acetyl 

flip ; e po ysaccharide molecule. Indeed, so distinctive are 

itt; reactions of the acetyl polysaccharide and those of 

ttip ^ eriyative, that it is now possible to clarify many of 
nriri y conflicting views stiU current concerning the nature 

properties of the specific carbohydrate of Pneumococcus T}pe I. 

solation of the Acetyl Polysaccharide of Pneumococcus Type I 

thods for the isolation of the acetyl polysaccharide differ from 
tnose previously described for isolation of the soluble specific substance, 
cipa y in the avoidance of the use of an excess of alkali in the 
mica procedures employed. The following methods have been 
sen m the recovery and purification of the acetyl polysaccharide 
rom e acterial cells and concentrates of autolyzed cultures. 

mocorrn The^ bacterial cells from 18 hour broth cultures of Pneu- 
unheatpH u^f ’ grown in 3 hter lots, were collected b.v centrifugation. Tlie 
in the i ^ ^ rom each lot were taken up in 50 cc. of sterile saline and stored 
of mrfSJi ^ bacteria from 50 liters had been collected. The suspension 

heated ‘ cells was then treated with 15 cc. of n/ 1 acetic acid and 

tein A sterilizer for 30 minutes. The precipitate of coagulated pro- 
times Tli^^ k- removed by centrifugation, and washed several 

to isn . • "’^shings together with the original supernatant were concentrate 

The CO ■' 150 cc. of alcohol were added to the concentrated lifjuid. 

p ous precipitate, containing the specific polysaccharide, was separated 
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by centrifugation, and the alcoholic supernatant liquid was discarded. The 
carbohydrate was dissolved in 75 cc. of water, 1 cc. of k/ 1 acetic add was added 
and the small amount of insoluble predpitate which formed was separated and 
discarded. The polysaccharide was predpitated from the solution by the addi- 
tion of an equal volume of alcohol, the predpitate was recovered and again dis- 
solved in 50 cc. of water. The solution of pol\*saccharide at this point was dear 
and colorless. It gave none of the usual protein tests. The solution was addi- 
fied by the addition of 2 cc. of 5 N HCl and diah'zed until no chlorine ion was 
detectable in the dial>'sate. At this point, a small amoimt of degraded (deacety- 
lated) polj'saccharide which had separated from the solution was removed by 
centrifugation. The viscous, dear and colorless solution of the specific acetyl 
polysaccharide was predpitated by pouring it into 10 volumes of addulated 
acetone. The polysaccharide was separated by filtration on a porous, sintered 
glass funnd, and was washed with absolute alcohol and ether. 0.5 gm. of dr>' 
substance was recovered. 

Z. A'lilolyzed Broth Cultures . — 50 liters of 0.5 per cent dextrose broth were 
seeded with an actively growing culture of Pneumococcus T>pe I, and incubated 
at 37 °C. for 5 days during which time the bacterial cells had undergone marked 
autolysis. The reaction of the culture fluid after growth and autol3*5is had oc- 
curred was distinctly add. The 50 liters of autoh’zed broth culture were auto- 
claved and concentrated to one-tenth of the original volume in a steam kettle. 
The concentrated material was cooled to O'* and neutralized, while stirring, with 
solid sodium bicarbonate, 6 liters of alcohol were added to the concentrate and 
after standing for 18 hours at room temperature, the dear, dark supernatant liquid 
was sjqihoncd off. After removal of the excess fluid by centrifugation, the pre- 
cipitate was dissolved as complete!}' as possible in 800 cc. of water. The deep 
brown and turbid aqueous solution containing the pneumococcus poU'saccharide 
was darified by centrifugation at high speed. The predpitated bacterial debris 
and coagulated protein was next washed with slightly addulated water, until the 
washings gave only a faint Molisch test. Four to five washings were found ncces- 
sar>-. To the combined solution of poU-saccharide and wash waters, now at a 
volume of about 1 to 1,2 liters, were added 5 cc. of k/ 1 acetic add and 50 gm. of 
sodium acetate. slight precipitate separated which was removed b}' centrifu- 
gation and discarded. 1.2 volumes of alcohol were now added to the supernatant 
and the precipitate was recovered by centrifugation. The predpitate was dis- 
solved in about 250 cc. of water and 25 gm. of solid trichloracetic add were dis- 
solved directly in the turbid solution. .After standing 2 hours at 0", a hca\w de- 
posit of coagulated protein precipitated from solution and was separated bv 
centrifugation. The dear, pale yellow and strongly add supernatant liquid 
containing most of the jwlysaccharidc, was placed in the icc box. The predpitate 
of congulitcd protein, still containing a considerable amount of adsorbed spedfic 
polysaccharide, was suspcnde<l in 100 cc, of %'.‘atcr, cooled to 0’ and brought as 
completely as poss rifle into solution by the c>sutlrus addition of ice-cold 2 k \aOH 
The solution was not allowed to become definitely alkaline at anv time A ^ola* 
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hoi. The preS f " Precipitated by adffinv ' added 
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The material w solution whicli rravp ^’ater, \'ielding a 
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poured im '^.^'"^"^"tion. The vSem, ! ^e solution was 

was separaffid brliT^^- acetllZ^Tb^ 

recovered Th ^ ^tration and w-ashed with ai j, f Precipitated carbohj-drate 

solution " P"°^^et thus obtainPd ether. 2.1 gm. were 

J Jt ^or protein nearly white in color. A 1 per cent 

./• ^^^alyhcal Methods ~T\. ' 

teSned ^ l“°^^eation of 'the'Sil7/r''^f"^" ^°r total 

samnlp^ f of Van Slyke f 1 7 / a Amino nitrogen was de- 

“5- -^oV'S) 

.,„.-j . ^ ^ dm. tube r>n o «.. _ _ A The specific ootical rotation wai 


observed in a 2 d ^‘^^^od (18) ;'"f!rmmations were nu 

arir? « • -I ^ ^ on annpnn i . specific optical rotation wai 

specific acetvln ^ of known concentration. Tlie 

acid ^"cwn concentrar^^^^^"''^^ determined bv titratingan 

‘■'e ■'-ce.srZhX'” "■“ 

wn quantity of n/io Hn Z 
nnoncj... r .. ^ riU, then neutralizinc file mcasurci 


an.-^ _ or Jcnowm ci. 

acfo equivalent of the deacet/aTed^T."' ^ "'ith n/ 50 NaOH. Th, 

licf ™Ple in a knoivn quanthv f determined by dissolvdng a 

^l^spended isoelectric powS^^ - ‘'^ra'inff the finely 

ofkt ibe Hagedorn-T ° ^ rr/50 NaOH. Reducing sug.irs 

o^n concentration with 1 “i xr rncthod (19) after hvdrolvzing solutions 

jj Chemical 

P es of the Acetyl Polysaccharide of Pneumococcus 

^y the methods described ^ 
was purposely avoided th which treatment uJfh nlknli 

r^Te I has been isolated specific substance of Pncumococcu.s 

in t e form of an ash-free acetyl polysaccha- 
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ride possessing marked acidic properties. The specific carbohydrate 
in this form is very soluble in water, and gives solutions of high \ds- 
cosity. Aqueous solutions show a specific optical rotation of about 
+270°. The naturally acetylated polysaccharide contains 4.85 per 
cent of nitrogen, approximately one-half (45 per cent) of which is 
liberated in the amino form when the substance is treated with nitrous 
acid in the cold. It does not reduce Fehling s solution until after 
hydrolysis vith dilute mineral acids. At the same time that reducing 
sugars appear in the solution, the serological specificity of the acetal 
polysaccharide is destroyed. The behavior in this respect is identical 
with that of the deacetylated polysaccharide. 

On the addition of hydrochloric acid-napthoresorcinol, both forms 
of the specific carbohydrate give a marked color reaction indicating 
the presence of uronic acids. In addition to being soluble in vater, 
the acetyl polysaccharide is soluble in 80 per cent acetic acid. Aque- 
ous solutions of 0.5 per cent concentration are precipitated by the 
following reagents: phosphotungstic acid, silver nitrate, neutral and 
basic lead acetate; and are incompletely precipitated b} barium hy- 
droxide. Unlike the deacetylated product, the acetyl poly’^accharide 
is precipitated by tannic acid but not by urany 1 nitrate. It gi\ es no 
color reaction with iodine-potassium iodide solution. W eak solu- 
tions of potassium permanganate are not immediately decolori^d by 
the acetyd polysaccharide. The biuret, ninhydrin, sulfosalicylic and 
picric acid tests are negative. No traces of phosphorus or sulfur were 
detectable in the most highly'' purified preparations of the specific 
acetyd poly’saccharide. 

The following experiments were earned out, in order to identify* the 
organic acid liberated from the naturally* acety*Iated polysaccharide 
by alkaline hydrolysis, and to determine whether the chemical proper- 
ties of the carbohydrate after deacety'lation arc identical Vidth those 
of the specific poly*saccharide formerly* obtained by methods invoKdng 
the use of alkali in the process of isolation. 

1, CoiivcTsiou of ihc Acclyl PclysacchciTidc to Its Dcocctylciicd 
Derivative by Alhalirie Hydrolysis 

0,0693 gm. of acetyl ixih^sacchandc (Preparation 2, Table I) dbsolved in 
7 cc. of water and nculralired to phcnolpbthakin with 1.42 cc. of .v/iO XaOH. 
7 cc more of k/ 10 alkali were added and the mixture heated in a boding water 
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bath for 35 minutes. The reaction mixtiire was then neutralized and finally 1.5 
cc. of n/10 HCl were added in excess. A precipitate appeared in the solution. 
The flask containing the mixture was placed in tlie ice chamber for 24 hours, after 
which time the precipitate was separated b}’’ centrifugation and washed several 
times with small quantities of ice water. 0.052 gm. of material was recovered. 
The substance was dried at 100° in high vacuum. 


TABLE I 


Analyses of ihe Acetyl Polysaccharide of Pneumococcus Type I 


Preparation 

No. 

Source 

j 

Acid equivalent 

Specific rotation 

1 

JS 

w 

< 

U 


Total nitrogen 

Amino nitrogen 

Acetyl 

Phosphorus 

« • 

'm ^ 

y rt « 

Hii:hf<t 
dilution of 
poij'snccharidc 
rcaclini: with 
anlipncumococ- 
cus fwuta 

1 

1 

1 




per] 

cent 

Per 

cent 

per 

cent 

cent 

per 

cent 

per 

ceni^ 

per] 

cent' 

Per ; 
cent 


1 

Bacterial 

cells 

— 

+270° 



“ 

4. 89 

2.30 



— 

1;S,000,000‘ 

2 

u u 

— 

+265^ 




4.86 


BB 

— 

! - 

1:5, 000, 000’ 

3 

Autolyzed 

broth 

cultures 

576 

+277° 

1 


6.58 

4.85 


6.0 

0.0 

32,0 

1:5,000,000* 

2 A, deacet- 
ylated 

t 

535 

+297° 

0.0 

1 

t 

t 

5,05 

2.50 

0.0 

— 

27.6 

1:5,000,0005 


* Type I antipneumococcus serum previously absorbed witli Preparation 

(deace tyla ted). ^ t 4 1 

t This sample of deacetjdated polysaccliaride was obtained by alkaline u 
3^sis of Preparation 2. This material is identical with tlie carbohydrate ormer> 
known as the soluble specific substance of T 3 ’'pe I Pneumococcus. 

X An anatysis of carbon and h 3 ’'drogen was made on a sample of dcacet) 
carboh 3 ^drate which had been reprecipitated five times at its isoelectric po ^ ^ 


The material contained no ash, and had a 


tcu XiVC — 1 

carbon content of 40.33 per cent an 


hydrogen content of 6.23 per cent. 

§ Unabsorbed TjTpe I antipneumococcus serum. 


The analytical data presented in Table I show that the cacc 
lated product (Preparation 2 A) obtained by alkaline 
the acetyl polysaccharide (Preparation 2) contains no acet> 
and is in all respects chemically identical with the pol} sacc n ^ 
which has hitherto been knowm as the soluble specific su stan 

* Hcidelberger and Kendall have previously found that the T}^ £3, 

charide (deacetylated) contains no acetyl groups. (See J. Exp. ^ ( -t 
Table III on page 636,) 
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2. Identificatio7i of Acetic Acid m the Acetyl Polysaccharide of 
Pneumococcus Type I 

0.80 gm. of Preparation 3 (Table I) vras dissolved in 25 cc. of water and neu- 
tralized. 25 cc. of n /1 NaOH were added, and tbe solution was heated in a 
boiling water bath for 40 minutes. The mixture was cooled and 6 cc. of 5 N 
H 2 SO 4 were added. The solution was placed in a Qaissen flask and distilled in 
vacuo. The deliver>^ tube of the Claissen flask was so bent that it extended to the 
bottom of a receiving flask. The latter contained a suspension of freshly pre- 
pared and carefully washed silver carbonate, and the entire flask was packed in 
ice. The contents of the Claissen flask was distilled nearly to drjTiess, then 50 
cc. of water were added and the distillation repeated. This was done three times 
in all. The receiving flask was then disconnected, and the excess silver carbonate 
was removed by filtration. The filtrate from the silver carbonate, which contained 
the silver salt of a volatile organic acid, was concentrated to 20 cc. in vacuo. The 
solution was warmed slightly" and filtered. The filtrate was cooled to 0°, and 50 
cc. of neutral, freshly distilled ethyl alcohol were slowly added. A snow-white 
product crystallized promptly from the solution. In crystalline form this material 
was identical with an authentic sample of silver acetate. The unknown silver 
salt was filtered, washed with a little dilute alcohol and dried in vacuo at 56° to 

constant weight; 0.080 gm. was recovered. The product was anal\'zed for silver 

by the usual method. The silver was weighed as silver iodide. 

Analysis: 0.0483 gm. substance gav'e 0.0677 gm, Agl. 

CHaCOOAg Calculated: Ag 64.7 per cent. 

Found: Ag 64.4 per cent. 

From the above aDal}- 5 is it is seen that the volatile organic add 
liberated from the polysaccharide by alkaline hydrolysis is acetic add, 
bringing chemical proof that the specific carbohydrate exists as an 
acetyl polysaccharide. The exact mode of linkage of the acetic add 
is not as yet definitely kno\\Ti. Judging from the ease vdth which the 
acetyl groups are removed by dilute alkali, even at room temperature, 
it seems certain that the nitrogenous groups of the poh'^accharide are 
not acctylated. It appears more likely that in the native polysac- 
charide the acetic acid is bound directly to the h\*drox\’l groups at- 
tached to a carbon atom. 

The possibility remains, of course, that in addition to the acetyl 
groups, the specific carbohydrate, in the state in which it exists as a 
natural constituent of the capsular substance, may also have other 
labile groups attached to it. However, there is certain cddcnce which 
lends support to the view that the only chemical difTerence between 
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the naturally acetylated and the artificially deacetylated polysac- 
charide lies in the presence of acetyl groups in the former substance. 
For it has been found that the acid equivalent of the acetyl polysac- 
charide is 576, while that of the deacetylated substance is 535, when 
each is titrated to pH 7 mth n/50 NaOH. The difiference in the ob- 
served values of the acid equivalent is 41, which is in close agreement 
with the theoretical value of 43, representing the difference required 
if the native polysaccharide contains one acetyl group per 576 of 
formular weight. The specific polysaccharide may therefore be re- 
garded, tentatively at least, as an acetyl ester. 

The chemical evidence thus far available indicates that the soluble 
specific substance of Pnemnococcus T 5 q)e I exists in its native state 
as an acetyl polysaccharide, and that the specific substance recovered 
by the earlier methods must now be regarded as the deacetylated 
derivative of the native carbohydrate from which the labile acetyl 
groups have been removed by treatment with alkali during the chemi- 
cal manipulations incident to its isolation. 

In the following experiments the immunological properties oi t le 
two forms of the specific polysaccharide and their serological rela- 
tionships to each other will be considered in terms of these chemica 
findings.® 


III. Immunological Properties of the Acetyl and the Dcaceiyleld 
Polysaccharide of Pneumococcus Type I 
The preceding experiments have revealed the chemical relation 
ship existing between the naturally acetydated and artificiallydeacO^ 
lated form of the specific capsular polysaccharide of 
Tyqpe I. In the following experiments these chemical 
shown to be reflected in the immunological reactions of the tvo 
of the specific carbohydrate. The acetyd polysaccharide 
only to fulfil all the immunological criteria of ty^oe speci 
also to possess certain additional specific properties which f ^ 
lated polysaccharide lacks through the loss of the extreme y 
acetyl groups. 

‘ The authors wish to express their appreciation to Mr. 1‘ran' 
his kindly cooperation in much of the analytical work and to 
Heidelberger and Dr. I\ A. Levene 


I me anaiyuLcu 

for their interest and helpful sugg<.s 
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i. Precipitation of the Acetyl and Deacetylated Polysaccharide in 
Absorbed and Unabsorbed Type I Antipjieiwwcoccus Senm 

Iminuiie horse serum^ was absorbed by the fractional addition of a 
1:2000 solution of the acetyl polysaccharide, until the supernatant 
serum after removal of the successive precipitates no longer reacted 
on the further addition of the specific substance. An equal portion 
of the same lot of serum was similarly absorbed with the deacetylated 
polysaccharide. 

10 cc. of antipneumococcTis horse serum (T\'pe I) were diluted with 8 cc, of 
salt solution. To the dduted serum, 1 cc. of 1 :2000 solution of the specific poly- 
saccharide was added. The mixture was incubated for 2 hours at 3/ and then 
placed in the ice box for the same length of time. The precipitate was thrown 
down by centrifugation in the cold and the clear supernatant serum v.as pipetted 
off. This procedure was repeated three tunes in all. Finally, 0.5 cc, of the solu- 
tion of polysaccharide was added to the serum and the mixture as incubated for 
2 hours at 37° and then allowed to stand in the ice box 24 to 48 hours. After 
removal of the final traces of precipitate by centrifugation in the cold, the clear 
supernatant serum was pipetted off and made up to a volume of 25 cc, with salt 
solution, so that each 0.5 cc. of absorbed serum used in the tests equalled 0.2 cc. of 
original serum. 

The original serum and the two separately absorbed portions of the 
same serum were tested for the presence or absence of precipitins for 
both forms of the capsular polysaccharide. The results of the pre- 
cipitin tests are given in Table II. 

From the data recorded in Table II it is seen that both the acetyl 
and the deacetylated polysaccharide were precipitated b} the original, 
unabsorbed serum in the highest dilution tested, reprc::cnting a final 
concentration of 1 part in 3 million. The serum absorbed with the 
deacetylated pol 3 'saccharide, after remo\al of all precipitins for this 
form of the specific carbohydrate, still reacted with the aceUl pol^'sac- 
charide in equally high dilution. On the other hand, after absorption 
\vith the acetyl polysaccliaridc, the serum was completely exhausted 
of all precipitins for both forms of the carbolu dratc, as sho»m 
the lack of reaction when tested with each substance in dilutions rang- 
ing from 1:20,000 to 1 : 3 , 000 , 000 . It is a significant fact that the 

= The anlipncumococcus horse scrum used in experiments was prodded 

through the courtesy of Dr. .•\ugu^lu^ \\ ad>.\o.ih, D.,cc*or oi the of 

Laboratories and Research, New \orL State Dejurtment of Health. ArcoTiV. 
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deacetylated polysaccharide selectively takes out from the serum only 
the precipitins for itself, whereas the acetyl polysaccharide completely 
removes all the precipitating antibodies for both forms of the specific 
substance. 

Enders (8) (1930) demonstrated that there exists in the autolytic products of 
Pneumococcus Type I a substance which is specifically precipitable in immune 
serum devoid of all antibodies for the soluble specific substance (deacetylated). 
He further showed that this material after being heated in a weakly alkaline solu- 


TABLE II 


Precipiiaiian of the Acetyl and Deacetylated Polysaccharide of Pneumococcus Type 
I in Homologous Antiserum before and after Absorption of the Anti- 

carbohydrate Precipitins 



Acetyl polysaccharide 


Deacetylated pob'saccharide 


Anlipneumococcus Serum 
Type I 

1:20,000 

1:100,000 

1:500,000 

1:1,000,000 

1:3,000,000 

1:20,000 

1:100,000 

1:500,000 

o 

o 

o 

o 

o 

o 

q. 

o 

o 

n 

Unabsorbed 


++++ 




++++ 

++++ 

++++ 

-H-+ 

++ 

Absorbed with deacety- 
lated polysaccharide 

++++ 





— 





Absorbed with acetyl 
polysaccharide j 












+ + + + = complete precipitation, compact sediment with dear supernatant. 
— = no precipitate formed, fluid clear. 

The final readings were made after incubating tlie reacting mixtures 2 hours at 


37° and overnight in the ice box. 

tion lost its capacity to react in the same serum. The substance therefore ap- 
peared to be so sharply differentiated by its immunological reactions and Jts 
instability to alkali, tliat Enders considered it to be quite distinct, and provision 
ally called it “tlie A substance” to distinguish it from the specific carbohydrate. 
Wadsworth and Brown (11, 12) (1931, 1933) isolated from the bacterial cells a su 
stance which, like the A substance of Enders, precipitated with Type I antipneu 
mococcus serum that had previousl}'* been absorbed with the soluble spcciic 
substance (deacetylated). They also found that the substance designated by I cni 
“the cellular carbohydrate,” when boiled for 2 minutes in n/100 NaOH no longer 
reacted in the absorbed serum, indicating, as the authors suggest, that boiling 
alkaline solution had so altered their original material that its activity under t 
conditions approximated that of the soluble specific substance (dcacctykte ). 
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The specific precipitation of the acetyl polysaccharide in serum 
previously absorbed with the deacetylated carbohydrate, and the 
readiness with which the former substance is converted into the latter 
by alkali and heat, are similar to the relationships observed by Enders 
(8), and by Wadsworth and Brown (12), between the substances iso- 
lated by them and the soluble specific substance which they prepared 
according to methods pre\dously described in this laborator}^ Since 
the specific substance thus prepared is now known to be the deacety- 
lated polysaccharide, it seems not improbable that the differences they 
observed, like those noted in Table 11, represent the reactions not of 
two different carbohydrates but of a single substance in two chemically 
different forms; namely, the naturally acetylated and the artificially 
deacetylated polysaccharide. 

2. Agglutinatioji of Type I Pneumococci in Homologous Antiserum 
h^ore and after Absorption with the Acetyl and Deacetylated 
Polysaccharide 

Type I antipneumococcus serum was separately absorbed with the 
acetyl and the deacetylated polysaccharide as previously described. 
The results of the agglutination tests of T^'pe I pneumococci in homol- 
ogous antiserum before and after specific absorption are given in 
Table IH. 

The experimental data presented in Table m show that absorption 
of Type I antiserum with the acetyd polysaccharide completely re- 
moved all the t3rpe-specific agglutinins, as evidenced by the fact that, 
after absorption, the serum no longer agglutinated the homologous 
organisms. On the other hand, the serum similarly absorbed with 
the deacetylated polysaccharide still agglutinated the bacteria al- 
though the titer of agglutinins was considerably reduced. The fact 
that after absorption with the deacetylated polysaccharide the pre- 
cipitin titer appeared imdiminished for the acetyl polj'saccharide, 
^hile the titer of agglutinins for the bacterial cells w’as reduced, may 
e attributed not to essential differences in the antibodies involved in 
the two forms of immune reactions, but to differences in the technical 
procedures of diluting the antiserum in the agglutination test, and of 
niaintaining an e.xces5 of serum throughout the range of the precipi- 
tin titration. Of special significance in the present study' is the fact 
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that the acetyl polysaccharide by itself completely exhausted tlie 
serum of all demonstrable type-specific precipitins and agglutinins. 

Sabin (10) and Enders (9) previously demonstrated that Type I antiserum after 
absorption with the specific carbohydrate (deacetylated) still agglutinated pneu- 
mococci of the homologous type. Enders further showed that when the bacterial 
cells were heated in a weakly alkaline medium, they lost the capacity to react in 
the absorbed serum although in this altered state they were still specifically ag- 
glutinated by tlie original, unabsorbed serum. The fact tliat the bacteria were 
agglutinated by immune serum containing no antibodies reactive with the specific 
carbohydrate (deacetylated), and the further observation that after boiling for 


TABLE III 


AggUilinaiion of Type I Piieimococci in Homologous Antisenan before and after 
Absorptia?: with the Acetyl and the Deacetylated Polysaccharide 


Antipncumococcus 


Agglutination of Pneumococcus Tj’pe I in scrum dilutions 


Serum Type I 

1:10 1 

1:20 

1:30 

1:40 

1:60 


1:100 

Unabsorbed 

++++I 

++++ 

+H — 

++++ 

+++ ; 

++ 

+ 

Absorbed with de- 
acetylated poly- 
saccharide 

++++ 

++ 

+± 





Absorbed with ace- 
tyl polysaccharide 

1 

" 







+ 4- + + = complete agglutination, compact sediment with clear supernatant. 
— .= no agglutination. 


10 minutes at pH 8.8 the cells no longer reacted in this same serum, led En er> 
to the conclusion that there exists a type-specific substance distinct from 
specific carbohydrate in Pneumococcus Type I. 

As pointed out earlier in this paper, the acetyl polysaccharicic^is 
readily converted into the deacetylated substance by treatment tu ^ 
alkali. This fact, together with the observations just cited on 
serological reactions of the two forms of the specific polysacc j 
not only substantiates the findings of the former investigators ut 
furnishes evidence of the immunological significance of this 
unrecognized relationship. Thus, on the basis of the 
dence, it appears that the acetyl polysaccharide represents the -o 
specific substance in a form that fulfils all the serological requirem 
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of type specificity mtliout obsen'a- 

stance distinct from ^e ^ ^ ^ following protection 

tions are further confirmed by the results 

experiments. 

. • / T A nliineimococcus Serum before and after 

Polys^c.„crM‘ 

protection tests in nnce .ete entried out according to the method 
described by Felton (15)- i, v. * of 

Dilutions of the unabsorbed 0.5 cc. of each 

original serum oH 200 dflution of a 12 hour plain broth 

dflution of serum together wUi o.o cc - j^traperitoneaUv into white mice 
onture of tie organisms was such that 10- 

weighing from 18 to 21 gm- control mice in 48 hours, 

cc. of culture caused ^ j inoculation were considered eSectively pro- 
All mice alive and weU / da>s aue 

tected and were recorded as survivals. 

The results ol experiments “ ^ttr'^absorption rrith the 

Type I anUpnenmococ^s b fore and|ttr 

acetyl and deacetylated po >s (Table Tv) shows that after 

tL outcome of the P~ 

absorption - ^though the titer of protective antibodies 

possessed protective ac , 8 neutralizing 

was considerably reduce . . Sabin (10) showed that this 

edect ol tbe soluhie spe^c ptesumahiy in 

substance, polvsaccharide, only partially neutral- 

the form of the deac > ' ^ ^ antipncumococcus serum He 

ized the ?’^,otectivelction of the absorbed serum to the 

attributed the ^ ^ dies not neutralized by the homologous 

presence otWe-sperfaandW „,icarbohydra.e 

soluble specific substance presented in Table IV show that 

precipitins. The fonn in which it naturally occurs 

the soluble spea ' complctclv removed the protective anti- 

as the acetyl P° ^ neutralizing cficct is shown by the 

bodies in T\-pe an uc anticarbohydrate precipitins by ab- 

lo'r^S^n ^th iTaceV pol>-saccharide. the urunune scram w:i de- 
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void of protective action when titrated by the method employed in 
the' present experiments. 

These results again emphasize the relationship existing between the 
natural acetyl polysaccharide and its deacetylated derivative. It now 
becomes apparent why the specific carbohydrate in the form in which 


TABLE IV 

Proleclive Action in Mice of Type I Antipneumococcus Serum before mid ofler 
Absorption with the Acetyl and the Deacetylated Polysaccharide of 
Pneumococcus Type I 

Antipneumococcus Serum Type I 


Dilution of serum i 



Absorbed with 

1 

Unabsorbed 

Deacetylated poly- 
saccharide 

Acctylpob’saccharidc 


s 

s 

D21 

D28 

D22 

D25 


s 

s 

D26 

D51 

D20 

D23 


S 

s 

s 

S 

D17 

D 18 

1:50 

s 

s 

S 

s 

D 17 

D21 

1:10 

s 

s 

s 

S 

D 19 

D23 


All mice were injected intraperitoneally with 0.5 cc. of diluted serum together 
with 0.5 cc. of 1:200 dilution of broth culture of Pneumococcus T}^e I. 


Controls 


Pneumococcus Type I i 

1 

^lice receinng'no scrum 

cc. 


10-« 

D45 

10~T 

D4S 

10~8 

D48 


S = survived. D = died. Numerals indicate the number of hours clap:>ing 


before death of the animal. 


it was first isolated was later found to be deficient in certain speci ic 
properties, notably in its failure to absorb completely the typC'Speci c 
antibodies from immune serum. By the methods employed 
original isolation, the specific carbohydrate is now kno\\Ti to have cen 
artificially deacetylated, and its immunological deficiencies have ecn 
found to be associated with the loss of the highly reactiv^e but ex 
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trendy lebile acetyl groups. The siguifican™ of this fact is ma^ 
evident by the results of the preceding espemnents, m wMch hM 
teen sho^ that the acetyl polysaccharide rrith these ch^cal group, 
intact specifically bound and completely removed from the serum aU 
the type-specific antibodies. 

4. Antigenic Action of the Acetyl Polysaccltaride in Mice 
In order to determine whether the acetjd polysacAaride is capabk 

22hyd°ranas tesled in mice and its action compared noth that 

of the deacetylated polysaccharide 

fVirPP intraDeritoneal injections, at 3 day inten.*als, of 0.5 
Six mice were 8'^° ^ polysaccharide; another group of six 

cc; ^=2 mil^n ddu of the deacetylated carbohy- 

mce was simtob t^ d alkali for 30_ minutes at 

drate prepared b> heating I'nipction both croups of mice ^erc in- 

100=. 6 days after the ^ 

fccted by the intrapenton J ^ maximum number of infecting or- 

'gI“blTlOOo“ri^^^^ greater than that which proved fatal in the normal con- 
trol mice. 

The results of the experiments on the ecUve immnntation of mice 
-.1, Tv fL fnrmt; of thc spccific Carbohydrate are given in Table \ . 
with both { P received in di%'ided doses 

T of aSt d Pot“-^ only 0.00075 mg. of 

an ^otin .^,„.ivcd the injection of an amount of \nrulcnt 

Sht o"oco“c»s 4= I gtU- io C.VCCSS of that .using fatal 
ilction in thc untreated control animals. Repct.l.ons of th.s test m 
mte have shosvn that the active tnunun.ly mduced by the acetyl 
1 \ -do ic ^trictlv ume-spccific, afiording no protection against 

vRh heterologous T,pes II and III. 

It 1, equallv dear from the results of this and other stmtlar eaperi. 
menls that'lhe deacetylated poKsacchanoe ts svholly devoid „t anu- 
total lack of immunizing cflcct is all the more 

linking in this particular instance, since the deacetylated substance 
was derived from the originally r.ctivc acetyl polysaccharide by 
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merely heating the latter in alkaline solution — a procedure previously 
shown to deprive the native carbohydrate of its acetyl groups. 

During the past ten years a number of investigators using various 
methods have recovered from Pneumococcus, substances which have 
been shown to possess the property of inducing active immunity in 
mice against infection with organisms of the homologous type. In 
many instances, the antigenic and serological behavior of these sub- 
stances was so distinct that the authors designated them by special 
terms in order to distinguish them from the soluble specific sub- 
stance (deacetylated). Thus, there are now current in the literature 


TABLE V 

Active Immunity Induced in Mice by the Acetyl and Deacetylated Polysaccharide of 

Pneumococcus Type I 


Amount of 
culture 

Pneumococcus 
Type I 

1 

Normal mice 

Mice receiving 3 injections of 0.5 cc. of 1:2 million solution of 

controls 

(untreated) 

Acetyl i>olysaccbaride Type I 

Deacetylated polysaccharide 
Tj^pcI 

cc. 


S 

s 

D68 

D6S 

10 ^ 

D44 

s 

s 

D34 

D44 

10-7 

D 52 

s 

s 

D58 

D 16 

10“8 

D 93 

1 

— 

— 



The treated mice were infected 6 days after the last immunizing injection. 

— = not done. 

S = survived. D = died. Numerals indicate the number of hours e apsing 


before death of the animal. 


descriptive terms such as the following: “the water-soluble^ Action 
of Perlzweig and his coworkers; “the A substance” of Enders; ^ thccc u 
lar carbohydrate fraction” of Wadsworth and Brown, and 
polysaccharide and probably non-protein derivative” of ^ ° 
With the possible exception of the A substance, which Enders i 
test for antigenicity in mice, these various cell derivatives have^ ce ^ 
found to produce type-specific immunity in this particular speae» 


animal. , 

Since it is obviously impossible within the scope of this 
review the individual contributions in detail, brief reference 
made only to those studies concerned with the antigenicity o sp 
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Perlzweig and Steffen (4) (1923) extracted from the bacterial cells a water- 
soluble fraction which induced specific immunity in mice. This observ-ation was 
later confirmed by Feny’' and Fisher (20) (1924, 1925) who obtained from washings 
of the organisms an aqueous extract which had similar antigenic properties in 
mice. The water-soluble antigen of Perlzweig and Steffen proved resistant to 
the prolonged action of autoh^sis and tiy^ptic digestion, The\^ further pointed 
out the suggestive fact that boiling the antigenic material for 5 minutes in alkaline 
solution (pH 9) destroyed its immunizing action in mice, while similar exposure to 
heat in a slightly acid medium (pH 6) did not impair its antigenicity. Perlzweig 
and Keefer (5) (1925) recovered from the filtrate of broth cultures a substance 
which, like that derived from the cells, produced active immunity in mice. Al- 
though Perlzweig and his coworkers regarded the immunizing material as protein 
in character they pointed out evidence suggestive of its non-protein nature, 
Schiemann and his collaborators (6, 7) (1927, 1931) first brought con\'incing e\d- 
dence that the tj’pe-spedfic pol>"saccharide of Pneumococcus Tj-pe I, in the form 
isolated by them, produced specific immunitj" when injected in relatively minute 
amounts into mice. They also found that if administered to mice in larger doses, 
this form of the specific carbohydrate not only failed to incite immunity but on 
the contrary' was often toxic and caused purpura. Wadsworth and Brown (11, 
12) (1931, 1933) isolated from the bacterial cells a specific fraction designated by 
them '‘the cellular carbohydrate,” This substance corresponded in its antigenic 
and purpura-producing action to the carbohydrate of Schiemann and Casper (6), 
and was similar in its immunological reactions to the A substance of Enders (8). 
Felton (14) (1932) isolated from Pneumococcus Tjpe I a substance inducing type- 
specific immunity in mice which from its chemical properties he concluded was 
“a non-pol^'saccharide and probably non-protein derha^tive” of the bacterial 
cells. 

The consistently negative results of all former attempts in this 
laboratory to induce active immunity in mice with the specific car- 
bohydrate are now known to have been due to the fact that the p>ol}^- 
saccharide was then used only in its deacetylated form. As shown in 
Table V, the change from the antigenic to the non-anti genic form of 
the carbohydrate is brought about whenever the originally active 
acetj’l poly'saccharide is converted by alkali into its deacety'lated de- 
rivative. This difference in antigenic action, like that already^ noted 
in the serological beha\'ior of the two forms of the polysaccharide, is 
referable to Imown differences in chemical constitution. 

An analysis of the specific reactions of the acetyl poly-saccharide 

iscloses a pre\'iously unsuspected s imil arity- between this form of the 
specific carbohydrate and the antigenically^ active fractions described 
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by other investigators. From the chemical and immunological prop- 
erties of the acetyl polysaccharide it seems highly probable that this 
substance in the purified state accounts for the antigenic action of the 
carbohydrate of Schiemann and Casper (6) and of Wadsworth and 
Brown (11, 12). As in the case of these substances, the acetyl poly- 
saccharide is antigenically effective in mice only when administered 
in extremely minute quantities. Although an extensive study of the 
purpura-producing action of the acetyl polysaccharide has not been 
made, in several instances purpura has been noted in mice injected 
with amounts of this substance ranging from 0.4 to 4.0 mg. 

That the antigenic action of tire water-soluble fraction of Perlzweig 
and his coworkers (4, 5) may have been due to the presence of traces 
of unhydrolyzed acetyl polysaccharide seems not unlikely from the 
readiness with which it lost its immunizing capacity when heated m 
alkaline solution. 

As pointed out earlier, the A substance of Enders (8) and the cellu- 
lar carbohydrate of Wadsworth and Brown (11, 12) correspond in 
their serological reactions to those of the acetyl polysaccharide.^ In 
addition, both of these substances were shown to be equally sensitive 
to the destructive action of alkali. WTiile it cannot be stated vith 
certainty that these substances are identical, their properties paral e 
those of the acetyl polysaccharide so closely that it seems proba c 
that their biological activity is due to this substance. 

5. Antigenic Action- of the Acetyl Polysaccharide in Rabbits 

Despite the number of observations on the antigenicity in mice of 
specific fractions derived from Pneumococcus Type I, comparatnej 
little work has been done to determine the capacity of these su^^ 
stances to incite antibody formation in rabbits. The following ^ 
periments, therefore, were carried out to ascertain whether the 
polysaccharide possesses the property of stimulating the pro 
of type-specific antibodies in rabbits. 

SLt rabbits were given intravenous injections of acetyl polysacAand 
for 6 days, followed by a rest period of 1 week. Three courses of 
given in all. Two rabbits received 1 cc. of 1 : 1000 solution of the su s 
others were injected with 1 cc. of 1 : 10,000 solution; the remaining tvo w 
1 cc. of 1 : 100,000 solution. At the end of the third course of injec ion , 
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amounting to 18 mg., l-S mg. an i- made and the sera vrere tested 

The detatted protocol of 4e 

DO instance -were type-specific ' rabbits tchicb bad pre- 

antiboaes demonstrable in ^ *VaS polysacc^^^^ 

viously received repeated mjections » ^ each^aWiit mas infected 

Ten days after the last course »' “if J^^lfblood broth cul- 
by the mtradermal “iffjf to the method described by 

tnre of f 'f rabbits developed at the site of inocula- 
Goodner (21). ineimec ^ massive edema and 

tion typical animals died mithin 4S to 96 

hemorrhagic necrosis. ^ instance, therefore, was there 

hours after the onset of m brought about by the prolonged 

any evidence of ^ . pol>-saccharide in amounts total- 

senes of injections of TjT y P minute amounts of 

ing0.18to 18 mg. f ."fffg’fve in evobing an immune rc- 

the acetyl ff “f f irnble that these rabbits mere given too 
sponse in mice, it is co avcicht the dosage in those 

large doses; however, ° ^ q IS y,-^ presumably within 

rabbits that had received a tota 

therangeof the amounts foun ^be presence of the 

In wew of these rem ’ bv the precipitin reaction in 

acetyl polysacchande was ^ 

the serum of these rabbi ^ ^ ^ ibat the acetvl poh'saccharide 

injections. This obser%'ation m ' succests that no antibodies 

isonly ver>^slowb-x^emd, andi^^^^^^^^^^^^ 

were formed, the circulation. That the acetyl poly- 

disappeared more rap - ^ bv the liidncy and appeam in 

saccharide is actual!} ex ^ {onn was shown in ihe oisc of 

the urine in tte Sf "iS mas given a singie large 

two other jabbi s substance intravenously and the other a 

dose of 1/ mg. o <- p,. Samples of urine trom these ani- 

similar amount intrapen o* . • -• of the acctvl pol\-sac- 

cbtir%“"rpr“t;«t in ,be uHne of ..-bbba 
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on the addition of T 3 ^e I antipneumococcus serum from which all 
antibodies reactive with the deacetylated polysaccharide had been 
previously removed by specific absorption. The specificity of this 
test conclusively demonstrates that the polysaccharide was excreted 
in the acetylated form. The urine of both rabbits still showed the 
presence of the acetyl polysaccharide, as demonstrated by the specific 
precipitin reaction, 7 days after injection, at which time the observa- 
tions were discontinued. 

Under the conditions of this experiment, the acetyl polysaccharide 
failed to induce any immune response in rabbits. The serum of the 
treated animals contained no demonstrable antibodies, and the animals 
themselves were not protected against subsequent infection with 
organisms of the homologous type. Moreover, it has been shown that 
the acetyl polysaccharide persisted in the circulation of the treated 
rabbits for considerable periods of time, was slowly excreted by the 
kidney and appeared in the urine in its naturally acetylated form. 

It is of course possible that in the present instance the failure of 
the acetyl polysaccharide to induce antibody formation or to incite 
active immunity may be attributed to the inadequate number of rab- 
bits tested or to the use of improper amounts of the substance. No 
assumption is made as to the difference in the antigenic action of the 
acetyl polysaccharide in mice and in rabbits. The explanation must 
await further study of this interesting and significant phase of the 
problem. 


DISCUSSION 

So far as is known, the only chemical difference between the acetjl 
polysaccharide and its deacetylated derivative lies in the 
absence of the acetyl groups. Evidence in support of this view is 
difference observed in the acid equivalents of the two forms o 
specific carbohydrate. On alkaline hydrolysis there is liberated mni 
the acet 3 d polysaccharide approximately 6 per cent of acetic acid v 
is organically bound in the intact molecule in the form of an ace 
ester. From solutions of the acetyl polysaccharide that ha\c 
treated with alkali, the deacetylated carbohydrate has been 
and the substance thus derived has been found to correspond in c crn^ 
cal and serological properties to the polysaccharide formerly 'no 
as the “soluble specific substance,” 
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The acetyl polysaccharide possesses all the specific immunological 
characteristics of the deacetylated derivative and in addition exhibits 
other distinctive properties. In highly purified form the acet^d poly- 
saccharide, in contradistinction to the deacetylated substance, com- 
pletely absorbs all demonstrable type-specific antibodies from anti- 
serum of the homologous typej it induces active imm unity and incites 
purpura in mice; it is specifically precipitable in imm une serum from 
which the type-specific anticarbohydrate precipitins reactive with 
the deacetylated polysaccharide have been removed by specific ab- 
sorption; it is extremely unstable to the action of alkali. 

The results of the present study offer an explanation of many of 
the perplexing problems that have arisen concerning the nature and 
specific properties of the soluble specific substance. One of these is the 
question of the antigenicity of the specific carbohydrate. In the form 
in which it was originally isolated the polysaccharide was found to be 
devoid of antigenic action in mice and in rabbits, and considerable 
evidence was presented that this substance functioned only as a 
hapten. However, a number of investigators (4, 5, 14, 20) ha\e 
isolated substances, in some instances of undoubted carboh3drate 
nature (6, 12), which were antigenic, inducing t^pe-spedfic immunity 
in mice. The present experiments show that minute quantities of 
the purified acetyl polysaccharide give rise to acti\e immunity in 
mice. While it is impossible to state that the antigenic actidty oi 
the specific fractions isolated by others is due to the presence of the 
acetyl polysaccharide in the preparations emplo\ ed, this possibility 
seems not unlikely. The differences between the antigenic and non- 
antigenic forms of the specific carbohydrate are thus related to knovm 
differences in chemical constitution. The antigenicity of the acetyl 
polysaccharide, in mice at least, is intimately associated with the pres- 
ence of the acetyl groups in the poh^accharide molecule. 

The writers have never maintained that complex carbohydrates 
may not function as antigens, but until the present experiments ^vith 
the highly purified acetyl pol}'saccharidc they had obtained no e\> 
dence in experimental animals that this v as the case. Many years 
ago, Ulenhuth (22) (1905) presented evidence of the antigenic action 
of gum arabic, pointing out that this was the arst Umc that specific 
antibodies had been demonstrated in the scrum o* animals bnmuniaed 
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with a carbohydrate. Recent! v in n i 
huth (23) (1933) has confirmed his eari ^ 

^ter prolonged immunization with ^ that 

treated rabbits contained sncrifir the serum of the 

antibodies. Ford (24 25 ) (lonfi complement-ldiig 

immunized with exdlts oi^ v “bbits 

d«!>, possessed marked antihemor^** ^ ‘^Kotdes and Rhm loiicodcn- 
active principle of theit^a^ “f ^hc 

instance as a glucoside. isolated and identified in eadi 

A question that has been diffimlt nf • + 
to the purpura-nrodiirino- a f v r ^®^®^^6tation is that relating 
cific substances of carbohvr! ^ ^ specific carbohydrate. Spe- 

been found to incite nurn ^ isolated by other workers have 

fonn originaSy “o a?77" " ‘^e polysaccharide in tie 

tie fact fhafL‘:Xt:ce”:; ZT 

active substance may greatly modif -f groups in a physiologically 

case of acetvl chnlinf. r.- activity is well known in the 

tivity of It‘ “• 

producing activitv nf tr, certain that the purpura- 

presence of these vrn polysaccharide is solely related to the 

with loss of acetirr^^ 

to induce purpura. ^ ^ polysaccharide also loses the capacity 

possibihty, ’inittfed'bra! woi s*'’'“‘ Z" ‘T T 

specificity of Pneumococcus T 

substancf^^ lioc The concept of two type-spccific 

the form first i<; f observation that tlie polysaccharide in 

from immune ° ^°es not absorb all the type-specific antibodies 
serum of antih suggested the presence in the 

and the cop\* t° anticarbohydrate precipitins, 

P^accS^^^^^^ -^stance unrelated fo the 

tion and snl-i ^PPort for this view was found in the demonstra- 

the Se fi. i!^ . ^Wch all precipitins for 

'vere nronns removed. Several e.\planations 

e P^°P°^ed, chiefly that there exist in the ceU tw^o specific sub- 
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• • -cn tn two distinct antibodies, both t}-pe-spedfic, but 
« corre^ondtag antigen. On the ofct 
each reactive oniy substance is responsible 

W tXorth an/Bronn (11) sngg^ted that the 

for type specmcny ve^^o^•pr^ -mav be onlv a radical of a more 

specific carbohydrate^ firs u J ,, possibility that the 

and the carbohydrate itself. knoivn that the mere 

F,„n. the .<>' tannunologicaUy 
presence of '"s^.^S^uence on its specificity. The 

active substance exerts a detemw ^ Tj-pe I the 

present study ps intact fulfils all the sero- 
specific carbohydrate vath other hand, vhen 

logical reqmrements of ^ ^tant product retains the poly- 

the acetyl groups are specificity of the origi- 

ndtAol,S«” uHoses ntany of the spedfic characteristics that 
distinguish the naturally acetylated polysacchande. 

SUMilAllV 

•r v.r.+onrp nf Pneumo COCCUS T>’pe I has been 
The soluble specific su ^ ^ ^ I cells and from autolj-zcd cul- 
chemically isolated from the bactenai 

tures as an by the methods employed, the 

So far as codd purified form absorbs from T>-pe I 

acetyl ^ J demonstrable tj-pe-spccific prccipitins, 

antipneumococcus serum a 

agglutinins and protecti\e minute quantities of the ace- 

Jilice injected intrapen ' immunitv to subseouent infection 

tyl polysaccharide d-loP acti- 
M-ith Pneumococcus T>pc I- Ih 

specific In several ^ 

following the injection o of this study, no t>T%e-spcdfic 

Under the ^Y”XTll prof^lte antibodies -.vere demeastnrble 
prcapitins, agglutinins or p 
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in the serum of rabbits following repeated intravenous injections of 
the Type I acetyl polysaccharide. The treated rabbits were not im- 
mune to subsequent infection with Pneumococcus Type I. 

The acetyl polysaccharide is readily converted into its deacetylated 
derivative by treatment with dilute alkali. 

The chemical and immunological properties of the deacetylated 
polysaccharide are identical wdth those of the soluble specific substance 
in the chemical form in which it was originally isolated; the deacety- 
lated form of the specific carbohydrate is non -antigenic, does not pro- 
duce purpura in mice, and only incompletely absorbs the type-specific 
antibodies from Type I antipneumococcus serum. 

The immunological significance of the acetyl polysaccharide and its 
possible relationship to the specific substances isolated from Pneu- 
mococcus Type I by other workers are discussed. 

CONCLUSIONS 

The soluble specific substance of Pneumococcus T}’pe I is now re- 
garded, tentatively at least, as an acetyl polysaccharide. In tins 
form it accounts adequately for all the serological phenomena of tjpe 
specificity of Pneumococcus Type I. 

Addendum . — During the course of publication of the present work 
appeared a paper bj" Pappenheimer and Enders^ on tlie specific carbohydrate o 
Type I Pneumococcus. On tlie basis of elementary' anah'sis, amino nitrogen 
content and specific rotation, these authors conclude that tlie A 
Enders and the specific poly'saccharide previously' isolated in this laboratory * 
closely related and that the latter is possibly' a hy'drolytic product of the orm 
substance. 
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